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METHODS AND COMPOSITIONS COMPRISING GLYCOPROTEIN GLVCOFORMS 
Background of the Invention 

Field of the Invention 

This invention relates to glycoprotein glycoforros as well as to novel compositions comprising the 

5 glycoforms of the invention. More particularly, the invention rdates to glycoprotein compositions which 
comprise glycoproteins such as an immunoglobulin, antibody or inununt»dhesin having an iinmunoglobulin CH2 
domain containing particular N-linked glycans. The invention fiiilhcr relates to methods for producing, 
detecting, enriching and purifying the glycoprotein glycofonns. The invention further relates lo phaimaceutica] 
compositions, methods of using the compositions, as well as articles of manufacture comprising the 

10 compositions. 

Description of Related Disclosures 

Differences in glycosylation patterns of recombinantly produced glycoproteins have recently been the 
topic of much attention in the scientific community as recombinant proteins produced as probable prophylactics 
and therapeutics approach tiie clinic. Antibodies or immunoglobulins (Ig) are glycoproteins that play a central 

15 role in the humoral immune response. Antibodies and antibody-lilce molecules such as immunoadhesins (U.S. 
Paiem Nos. 5.1 16,964 and 5,565,335) have been prepared for clinical uses; for example, TNm-lgG (Ashkenazi 
el aL, (1991) Proc. Natl Acad. Sci. USA 88:1-535-1053, U.S. Patcm No. 5,610,297 and ••Ro45-2081 (TNFR55- 
IgGl) b the Treatment of Patients with Severe Sepsis and Septic Shoclc: Prelimmaiy Results" Abraham et al., 
(1995) in See. Intern. Autunuisd Them. Meeting on Sepsb, DeauvHle, France); ami-lL-8 (St John et al., (1993), 

20 Chest, 103:932 and International Publication No. WO 95/23865); anti-CDl la (Filcherct al., Blood, 77:249-256, 
Steppe et al., (1991), Transplant Inll. 4:3-7, and Homroant et al., (1994), Transplantation 58:377-380); anti-lgE 
(Presta et al., (1993), J. Immunol. 151:2623-2632, and International Publication No. WO 95/19181); anti-HER2 
(Carter et al, (1992), Proa Natl. Acad. Sci. UiSA, 89:4285-4289, and International Publication No. WO 
92/20798); anti-VEGF (Jin Kim et al, (1992) Growth Factors, 7:53-64, and International Publication No. WO 

25 96/30046); and anti-CD20 (Maloney et al.. (1994) Blood, 84:2457-2466, Liu et al., (1987) J. Immunol., 
130:3521-3526). 

Antibodies are glycosylated at conserved positions in their constant regions (Jefferis and Lund (1997) 
Chem. Immunol. 65:1 1 1-128; Wright and Morrison (1997) TibTECH 15:26-32). The oligosaccharide side 
chains of the immunoglobulins affect the protein's function (Boyd et al., (1996) Mol. Immunol. 32:131 1-1318; 

30 Wittwer A., and Howard, S.C. (1990) Biochem. 29:4175-4180) and the intramolecular interaction between 
portions of the glycoprotein which can affect die conformation and pr^ented three-dimensional surface of the 
glycoprotein (Jefferis and LundsyjaB; Wyss and Wagner (1996) Curr. Opin. Biotech. 7:409-4 16; Hart, (1992) 
Cuir. Opin. Cell Biol.. 4:1017-1023; Goochee, etal.. (1991) Bio/Technology, 9:1347-1355; Parekh, R3., (1991) 
CuiT. Opinv SurucL BioU 1:750-754). Oligosaccharides may also serve to target a given glycoprotein to certain 

35 molecules based upon specific recognition structures. For example, it has been reported that in agalactosy lated 
IgG, the oligosaccharide moiety 'flips' out of the inter-CH2 space and tcmiinal N-acetlyglucosamine residues 
become available to bind mannosc bindmg protan (Mattiotra et al., ( 1995) Naftire Med. 1 :237-243). It has also 
been reported that the presence of nonreducing tenninal galactose resickies in an^wdy CH2 domains may be 
important for binding of IgG to Clq and Fc receptors (Tsuchiya et al., (1989) J. Rheum. 16:285-290). 



wo 99/22764 



PCT/US98/21925 



CAMFATH- IH is a recombinant humanized murine monoclonal IgG 1 antibody which recognizes the 
CDw52 antigen of hmnan lymphocytes (Shceley et al., {1997) Analytical Biochem. 247: 102-1 10). Removal by 
glycopeptidase-of the oligosaccharides from CAMPATH-IH produced in Chinese hamster ovary (CHO) cells 
resulted in a complete reduction in complement-mediated cell lysis (CMCL) (Boyd et al., (1996) Mol. Iromunol. 

5 32:1311-1318); whereas selective removal of sialic acid residues using neuraminidase resulted in no loss of 
CMCL. CAMPATH- 1 H treated with p-galactosidase, which is expected to remove terminal placlosyl residues, 
was found to reduce CMCL by less than one-half (Boyd et al. sasai- 

Since the cell tj^ used for expression of recombinant ^ycoproteins as potential human ther^eutics 
is rarely the native cell, significant variations in the glycosylation pattern of the glycoproteins can be expected. 

10 Tissue plasminogen activator produced in difieient cell lypes results in heterogeneously glycosylated molecules 
(PareUi, et aL, (1989) Biochemistry 28: 7644-7662). The same is true for iramuno^obulins (Hse, TA. et al., 
(1997) J. Biol. Chem. 272:9062-9070). 

Much attention has been paid to the factors which affect iycosylation during recombinant protein 
production such as growth mode (adherent or suspension), media formulation, culture density, oxygenation, pH, 

15 purification schemes and the like (Werner, R. and Moe, W. (1953), Dnig Res. 43: 1 134-1249; Hayter e» at.. 

(1992) Biotech, and Bioeng. 39:327-335; Borys et al.. (1994) Biotech and Bioeng. 43:505-514; Boiys et al., 

(1993) Bioftecbnolbgy 1 1:720-724; Hearing a al., (1989) J. Cell Bid. 108:339-353; Goochee « o/„ in Frontiers 
in Bioproccssing 11. Todd etal., eds (1992) American Oiemical Society pp.199-240; U.S. Patent No. 5,096,816; 
Chotigeat, W., (1994) Cytotech. 15:217-221). Several groups have investigated the process parameters that 

20 affcrt the production of recombinant proteins, especially the effect of media composition in the production of 
recombinant proteins (Paric ct a/., (1 992) Biotech. Bioeng. 40:686-696; Cox and McClure, ( 1 983) In Vitro, 19:1- 
6; Mizutani et al., (1992) Biochem. Biophys. Res. Comm. 187:664-669; Le Gros et at., (1985) Lymph. Res. 
4(3):221-227). Various methods have been proposed to alter the glycosylation pattern achieved in a particular 
host organism including introducmg or overexpressing cen^ enzymes invoWed in oligosaccharide production 

25 (U.S. Patent No. 5,047,335 U.S. Patent No. 5,5 10,26 1). These schemes are not limited to intracellular methods 
(U.S. Patem No. 5,278,299). 

While some work has been done to evaluate the structure of the N-linked glycans attached to the heavy 
chain of clinically relevant antibodies, these studies indicate that various host cells are capable of differential N' 
glycan processing. Analysis of the produced glycoprotein reveals heterogeneous glycoforms (Wormald et al., 

30 (1997) Biochemistry 36:1370-1380). Glycosylation differences in antibodies are generally confuted to the 
constant domain and may influence the antibodies' structure (Weitzhandler et al., ( 1994) J. Phamu Sci. 83:1760). 
U is therefore important to ensure that tile glycosylation pattern of glycoprotein products produced for clinical 
use is uniform throughout and between production lots but also that die favorable in xi3£ft properties of the 
antibodies are at least retained. 

35 Summary of the Invention 

The present invention provides for compo»tion$ comprising glycoprotein agents substantially free o f 
particular glycoforms of the glycoprotein agent. It is a feature of the present invention that when administered 
to animals including humans, pharmaceutical compositions comprising the novel compositions, in preferred 
embodiments, advanugeous|y exhibit superior in properties. Thus, the novel compositions may be used 
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wherever (be glyct^rotein pharmaceutical agent is used and advantageously provide improved properties as well 
as increased unifoimity between aivd throughout productidn lots. The ptepaiations of the invention can be 
incorporated into solutions, unit dosage forms such as tablets and capsules for oral delivery, as well as into 
su^enstons, ointments and the like, depending on the particular drug or medicament and its target area. 

5 In a particular aspect, the |H«sent invention provides novel compositions for glycoprotein 

pharmaceutical agents, drugs or medicaments wherein the glycoprotein comprises an immunoglobulin CH2 
domain and the composition is substantially free of particular glycoforms of the glycoprotein agent. 
AccOTding to a particular aspect of the invention, compodticns are provided comprising a glycoprotein having 
an immunoglobulin CH2 domain whetdn the CH2 domain has at least one N-lfaiked oligosacclnride and wherein 

10 substantially all of the oligosaccharide is a G-2 oligosaccharide as defined herein. Also provided are 
compositions comprising a glycoprotein having at least one inununoglobulin CH2 domam wherein the N-Iinked 
oligosaccharides of the CH2 domain are substantially of the G2 and 0-2 variety. The composition is 
substantially free of glycoproteins comprising an immunoglobulin CH2 domain wherein the N-linked 
oligosaccharide is a Gl, CO or G-1 oligosacdiaride. In prefErred aspects the glycoprotein is an antibody and 

1 5 especially a monoclonal antibody. Hie invention fiuther provides for a method of producing the preparations of 
the invention. 

The invention enoompasses phaimaceutical oompoations comprising the glycofoim preparations of the 
invention. Hie compositions are preferably sterile. Where the composttton is an aqueous sohition, preferably 
the glycoprotein is soluble. Where the composition is a lyopbilized powder, preferably the powder is 
20 reconstituiabic in an appropriate solvent, 

bi still another aspect, the invention involves a method for the neatment of a disease state comprising 
administering to a mammal in need thereof a therapeudcally effective dose of the phaimaceutical oomposttions 
of the invendon. 

It is a fiirther object of the invention to" provide the glycofimm preparations in an article of mamijacture 
25 or kit that can be employed for purposes of treating a disease or disorder. 

Brief Description of the Drawings 
Figure I A, Figure IB and Figure IC depict oligosaccharide analysis of an anti-CD20 monoclonal 
antibody C2B8 by capillary electrophoresis with laser-induced fluorescence detection. C2B8 (woduced in 400L 
batch-fed culture produced at least four glycoforms of C2B8 (Figure 1 A). Figure IB deplete the same C2B8 
30 preparation treated with (i-galactosidase. Figure IC depicte the preparation fiuther treated with N-acetylp-D- 
glucosaminosidase A single G-2 glycoform preparation was obuined (G-2). 

Figure 2 depicts the binding of C2B8 to Clqi^g the procedure ofRefretal.,(1994) Blood 83:435- 
445. Both G2 and G-2 prepaialions bound Clq to a greater extent than control samples exhibiting heterogeneous 
glycoforms. 

35 Rgure 3 depicts the bioactivily of the G2 and G-iz glycoform preparations compared with the 

preparations having all carbohydrate removed (No) and prqiarations having only galactose removed (GO) in a 
rabbit/human complement lysis assay. 

Figure 4A and Figure 4B depict oligosaccharide analysis of an anti-CD20 monoclonal antibody C2B8 
by capillary electrophoresis wift laser-induced fluorescence detection. C2BS produced in 400L batch-fed cuteure 
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produced at least three glycofoiros of C2B8 O^gure 4A). Figure 4B depicts the same C2B8 preparation after 
trealinentwilhpi-4galactosyltransfe»ascacconiingto the present invention. A single GZgtycofonn preparation 
was obuined. 

Rgure 5 depicts analysis of an anti-VEGF monoclonal antibody by capillaiy electrophoresis. It can be 
seen that anti-VEGF produced in CHO cell culture contained at least three glycofonns fonning a heterogeneous 
composition. The same anti-VEGF after treatment with p-l-4 galactosyltiansferase accoiding to the present 
invention produced a single G2 glycoform. 

Figure 6 depicts analysis of an antt-IgE monoclonal antibody by capillaiy electrophoresis. It can be 
seen that anti-IgE ptoduoed in CHO cell culture contained at least three glycofonns fbiming a heterogeneous 
oligosaccharide population. The same anti-IgE CHO cell composition after treatment with p-l-4 
galactosyltransferase according to the poresent invention produced a single G2 glycofoim. 

Figure 7 depicts analysis of an anti-HER2 monoclonal antibody by capillary electrophoresis. It can be 
seen that anti-HER2 produced in CHO cell cuimre contained at least three glycofonns fonning a heterogeneous 
oligosaccharide population. The same anti-HER2 CHO composition after treatment with P-M 
g^actosyltransferase according to the present invention pnxluced a single G2 glycoibnn. 

Figure 8 depicu a representative SDS polyacrylamide analysis of an anti-CD20 monoclooal antibocty 
under non-reducing conditions. Lane 1 is molecular weight stanctords, Lane 2 is the G2 glyoofbnn of C2B8; 
Lane 3 is the C2B8 preparation treated vrith galactosidase to remove gjOactose residues from the 
oligosaccharides; Lane 4 is the CHO derived C2B8 preparation treated with glycopeptidase-F for the removal 
of intact oligosaccharide; Lane 5 is the C2B8 antibody from CHO production; Lane 6 is CHO-derived C2BS 
after incubation at 37 C for 24 hours; lane 7 is CHO-derived C2B8 and BSA. The representative gpl ^ows that 
the molecular size of the C2B8 molecule remains intact after treatment with the galactosyhransfeiase. The G2 
glyoofonn does not disrupt the primary structure of the antibody. 

Figure 9 depicts the same material described above analyzed by polyaaylamide gel electrophoreses 
underreducing contUtions. The C2B8 heavy and light chains remain intact. 

Figure lOA and Figure lOB deinct far and near UV drcutardichrotsm (CD) spectra of C2B8 antibody 
from CHO culture and the G2 glycofoim. As circular (tichroism is sensitive to secondary structure (Provencer 
and Glockner (1981), Biochem. 20:33-37) it can be concluded that the G2 glycofonn has the same secondary 
structure as C2B8 of heterogenous glycan composition. 

Figure 1 1 depicts the bioactivity of the G2 glycoform preparation compared widi the heterogeneous 
composition for C2B8 in a rabbit complement lysis assay. 

Figure 1 2 depicts the conelation of bioactivity and galactose content is the G2 gtycofoim. The G2 
glycoform preparation was at least 1.5 times more active in this assay than that produced under typical cell 
culture conditions. 

P f^iled Pescription of t| |e Preferred Embodiments 

peflnitions 

The carbohydrate moieties of the present invention win be described with reference to commonly used 
nomenclature for the description of oligosaccharides. A review of carbohydrate chemistry which uses this 
nomenclature is found in Hubbard and Ivatt (1981) Ann, Rev. Biochem. 50:555-583. ."niU nomenclature 
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includes, for instance, Man, which represents manuose; GlcNAc, which represents 2-N-acetylgIucosainine; Gal 
which represents galactose; Fuc for fiicose; and Glc, which represents glucose. Sialic acids are described by the 
shorthand notation NeuN Ac, for S-N-ace^Ineuraminic acid, and NeuNGc for 5-glycolyIneuraminic acid (J. Biol. 
Chem. 1982 2S7:3347; J. Biol. Chem., 1982. 257:3352). 
5 The "CH2" domain of the present invoition is meant to describe an immunoglobulin heavy chain 

constant CH2 domain. In defining an inrununoglobulm CH2 domain reference is made to immunoglobulins in 
general and in particular to the domain stnicture of immunoglobulins as a|}plied to human IgGI by Kabat E.A. 
(1978) Adv. Protein Chem. 32:1-75. Accordingly, immunoglobulins are generally heterotetramcric glycoproteins 
of about 150,000 daltons, composed of two identical l^t (L) chains and two identical heavy (H) chains. Each 

1 0 light chain is I inked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages 
varies between the heavy chains of different inununogiobulin isotypes. Each heavy and light chain also has 
regularly spaced intiachain disulfide bridges. Each heavy chain has an amino temiinal variable domain (VH) 
followed by carboxy terminal constant domains. Each light diain has a variable N-temlnal domain (VL) and 
a C temiinal constant domain; the constant domain of the light chain is aligned witfi the fust constant domain 

15 (CHI) of the heavy chain, and the light chain variable domain is aligned with the variable domain of the heavy 
chaiti. According to the domain definition of immunoglobulin polypeptide chains, light (L) chains have two 
oonfiimiationalty similar domains VL and CL; and heavy chains have four domains (VH, CHI, CH2, and CH3) 
each of which has one intrachabi disulfide bridge. 

Depending on the amino acid sequence of the constant (C) domain of die heavy chains, 

20 immunoglobulins can be assigned to different classes. There are five major classes of immunoglobulins: IgA, 
IgD. IgE, IgG, and IgM. The heavy-chain constant domains that' correspond to the diiferent classes of 
immunoglobulins are called a, 6, e, y, and p domains respectively. Sequence studies have shown that the ti 
chain of IgM contains five domains VH, CHul, CH|i2, CH)i3. and CH|i4. The heavy chain of IgE (e) also 
contains five dorouns while ifae heavy chain of IgA (a) has four domains. The immunoglobulin class can be 

25 fiiither divided uito subclasses (isotypes). e.g, IgG, , IgGj, IgGj, IgGj, IgA,, and IgAj . 

Hie subunit structures and three-dimensional configurations of different classes of immunoglobulins 
are well known. Of these IgA and IgM are polymeric and each subunit contains two light and two heavy chains. 
The heavy ch^n of IgG (y) contains a length of polypeptide chain lying between the CHy I and CHy2 domains 
known as the hinge region. The a chain of IgA has a hinge regioa containing an O-linked glycosylation site and 

30 the n and e chains do not have a sequence analogous to the hinge region of the y and a chains, however, they 
contain a fouidi constant domain laddng in the others. Hie damun composition of immunoglobulin chuns can 
be summarized as follows: 

Light Chain X-^WXCX 

k-VkCk 

35 Heavy Chain IgG (Y) = VH CHy I. hinge CHY2CHy3 

IgM (^) VH CHmI CH|i2 CH|i3 CH)i4 
IgA (a) = VH CHal hinge CHo2 CH«3 
IgE (e) - VH CHel CH€2 CHe3 CHe4 
IgD (fi) = VH CHftI hfaige CH62 CH53 
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A CH2 domain therefore is an imrounoglobulin heavy chain constant region domun. According to the present 
invention, the CH2 domain is preferably the CH2 domain of one of the five immunoglobulins subtypes indicated 
above. Preferred are mammalian immunoglobulin CH2 domains such as a prunate or murine immunoglobulin 
with the primate and especially human immun(%lobulin CH2 domains being preferred. The amino acid 

5 sequence of immunoglobulin CH2 domains aie known or are generally available to the skilled artisan (Kabat et 
al.. Sequences of proteins of imm unplnpieal interest Fifth Ed., U.S. Department of Health and Human Services, 
NIH Publication No. 91-3242). A prefeired immunoglobulin CH2 domBin withm the context of the present 
invention is a human IgG and preferably from IgGl, lgG2, lgG3. lgG4 and more preferably a human IgGl. 
Using the numbering system of Edehnan, G.M., et aL, (1969) Proc. Nat). Acad. Sci. USA 63:78-8S the 

10 inununoglobulb CH2 domab prefetably begins at amino position equivalent to glutamine 233 of human IgG I 
and extends through amino acid equivalent to lysine 340 (Ellison et al., (1982) EMBO J. 1:403-407). 

With respect to human antibody molecules reference is made to the IgG class in which an N-linked 
oligosaccharide is attached to the amide side chain of Asn 297 of the P-4 bend of the inner face of the CH2 
domain of the Fc region (Beale and Feinstedn (1976)Q. Rev. Biophys. 9:253-259; Jefferis et al, (1995) Inunonol. 

IS Letts. 44:1 1 1-l 17). It is charaeteristic of the glycoprotein of die present invention that it contain or be modified 
to contain at least a CH2 domain. The CH2 dcmain is a CH2 domain of aii immunoglobulin having a single N> 
linked oligosaccharide of a human IgG CH2 domain. The CH2 domain is preferably the CHy2 domain of human 

The oligosaccharides of the presnit invention occur on the CH2 domain expressed as N-linked 
20 oligosaccharides. "N-linked glycosylation" refers to the attachment of the carbohydrate moiety .via GlcNAc to 
an asparagme residue in a polypeptide chain. The N-linked cartwhydrates all contain a common Man 1 -6(Man 1- 
3)Manpl-4GlcNAcPl-4GlcNAcP-R core structure. Therefore, in the core structure described, R represents an 
asparagine residue of the produced glycoprotein. The sequence of the protein produced will contain an 
asparagine-X-serine, asparaginii-X-threoninei and asparagine-X-cystcine, wherein X is any amino acid except 
25 proline. The skilled artisan will recognize that, for example, each of murine IgG3, IgO I . lgG2B, lgG2 A and 
human IgD, lgG3. IgG 1, IgAl. IgG2 and lgG4 CH2 doinains have a single site forN-llnked glycosylation at' 
amino acid residue 297 (Kabat et al., Sequences of proteins of immu nological interest Fiflfa Ed., U.S. DepaitmeM 
of Health and Human Services, NIH Publication No. 9U3242). 

Of the N-linked carbohydrates the most important are the "complex" N-linked carbohydrates of the 
30 variety naturally occurring in immiuoglobulin CH2 domains. According to the present invention such complex 
carbohydrates will be one of the "bi-antennary" structures described herein. The core bi-antennaiy structure 
(GlcNAc2Man3GlcNAc) is typical of biantennary oligosacdiarides and can be represented schematically as: 
6XcNAcjil-2Manots Fucon 

6 6 
35 Man01-GlcNAcBl-4GlcNAc 
3 

GlcNAcei-2Manc(.' 

Since each biantennary snvcture may have a bisecting N-acetylglucoseamine, core fiicose and either 
galactose or sialic acid outer saccharides, there are a total of 36 structurally imique oligosaccharides which may 
40 occupy the N-linked Asn 297 site (JefTo'is and Lund supraV It will also be recognized that within a particular 

-6- 
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CH2 domain, glycosylation at Asn 297 may be asymmetric owing to different oligosaccharide chains attached 
at either Asn 297 residue within the two chain Fc domain. For example, while the heavy cham synthesized within 
a single antibody-secreting cell may be homogeneous in its amino acid sequence, it is generally differentaly 
glycosylated resulting in a laige number of structurally unique Ig glyoofoims. 

The major ^es of complex oligosaccharide stnictures found in the CH2 domain of the IgG are 



Gal Glc-Man 

• NAC J^^Man-Glc-Glc-Asn G2 

Gal Glc-Man NAc NAc 

NAC 



Gal Glc-Man 

NAC ^Man-Glc-Glc-Asn Gl 
GlCNAc Man NAC NAc ^ 



GlcNAc Man 



^ Man-Glc-Glc-Asn Gl 



Gal Glc-Man NAc NAc ^ 



Fuc - 

GlcNAc Man | i 

^Man-Glc-Glc-Asn GO 
GlcNAc-^ — Man NAc NAc ^ 



Fuc , 

Man^ I ) 

^Man-Glc-Glc-Asn G-1 
GlcNAc Man NAc NAc ^ 



Fuc - 



GlcNAc Man 

Man-Glc-Glc-Asn G-1 
MaiT NAC NAc ^ 



Fuc , 

Man^ I i 

^Man-Glc-Glc-Asn G-2 
Man^ NAc NAc ^ 
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According to the present invention GO refers to a biantennaty stnicture wherein no terminal sialic acids G^euAcs) 

or Gals are present, G 1 refers to a biantennaiy structure having one Gal and no NeuAcs and G2 refers to a 

biantcnnaiy stnicture with two terminal Gals and no NeuAcs. Accordingly, G* 1 refers to the core unit minus one 

GlcNAc and G-2 refers to die core structure minus two GlcNAc's. 
5 The term "glycoform" as used within tiie context of the present invention is meant to denote a 

glycoprotBin containing a particular carbohydrate structure or sliuctares. Therefore, the G^ glycofenn of a CH2 

domain refers to a CH2 domain having a G-2 glycan as defmed herein. 

The phrases "substantially homogeneous", "substantially uniform" and "substantial homogeneity" and 

the like are used to indicate that the product is substantially devoid of by-products originating from undesired 
1 0 ^ycoforms («.g. GO and G 1). Expressed in terms of purity, substantial homogeneity means that the amount of 

by-products does not exceed 10%, and preferably is below S%, more preferably below 1%, most preferably 

below O.S%, wherein the percentages are by weight 

The phrases "substantially free of and the like are used to indicate diat the product is substantially 

devoid of by-products originating from undesired glycoforms (e.g. GO and Gl). Expressed in terms of purity, 
1 5 substantially free means diat the amount of by-products does not exceed 1 0%, and preferably is bekiw 5%, more 

preferably below 1 %, most preferably below 0.5%, wherem die percentages are by weight 

The "CmO" apttgen is expressed during early pre>B cell develi^ment and may regulate & step in 

celhilar activation required for cell cycle inidatioa and differentiation. The CD20 antigen is expressed at high 

levels en neqslastic B cells however it is present on nonnal B cdls as well. Anti-CD20 antibodies which 
20 reco^ize the CD20 surface antigen have been used clinically to lead to tfae taigfting and destnictbn of 

neoplastic B cells (Mafoney et al., (1994) Blood 84:2457-2466; Press et al., (1993) NEJM 329:12219-12223; 

Kaminski et al.. (1 993) NEJM 329; McLaughlin et al., (1996) Proc. Am. Soc. Clin. Oncol. 1 5:4 1 7). Chimeric 

and humanized anti-CD20 antibodies mediate complement dependent lysis of target B cells (Maloney et al. 

supra ). The monoclonal antibody C2B8 recognizes die human B cell restricted differailiation antigen ^5 (Liu 
25 etal., (1987) J. Immunol. 139:352 l;Mak)neyetal., (1994) Blood 84:2457). "C2B8"isdcfiicdastheanti-CD20 

monoclonal antibody described in International Publication No. W094/1 1 026. 

Tlie terms antibody and immunoglobulins are used interchangeably and used to denote ^ycoproteins 

having the structural characteristics noted above for immunoglobulins. 

The term "antibody" is used in the broadest sense and specifically covers single monoclonal antibodies 
30 (including agonist and antagonist antibodies) and antibody compositions with polyepitopic specificity. The term 

"antibody" specifically covers monoclonal antibodies (mcluding fiill lengdi monoclonal antibodies), polyclonal 

antibodies, multispeciftc antibodies {e.g., btspecific antibo^es), and antibody firagments so long as titey contain 

or ate modified to contain at least die portion of the CH2 domain of the heavy chain immunoglobulin constant 

region con^iitg the singled N-linked glycosylation site. Exemplary anUbodies widiin die scope of the present 
35 invention include but are not limited to anti-IL-S, St John et aU (1993) Chest 103:932 and International 

Publication Na WO 95/23865; anti-CDl la, Fildier et aL, Blood, 77249-256, Steppe et aL, (1991) Transplant 

Infl. 4:3-7, and Hourmant etal., (1994) Transplantation 58:377-380; anti-lgE, Presta et al., (1993) J. Immunol. 

151:2623-2632, and International Publication No. WO 95/19181; anti-HER2. Carter et al., (1992) Proc, Natl. 

Acad. Sci. USA 89:4285-4289, and International Publication No. WO 92A20798; anti-VEGF, Jin Kim et al., 
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(1992) Growth Factors, 7:53-64, and International Publication No. WO 96/30046; and anti-CD20, Maloney et 
al.. (1994) Blood. 84:2457-2466, and Liu et al.. (1987) J. Immunol., 130:3521-3526. 

The tenn "prepmtion" as used herein is used to define a composition which has been identified and 
separated and/or recovered as component of its environment. Contaminant components of its environment are 
5 materials which would interfere with diagnostic or therapeutic uses for the glycoprotein such as unwanted or 
unintended glycoforms (GO and Gl), and may include enjymes, hormones, and other proteinaceous or 
nonproteinaceous solutes. The preparation of the invention is substantially free of these contaminants. In 
prefeired embodiments, the glycoprotein preparation will be purified (I) to greater than 95% by wei^t of 
antibody as determined by the Lowiy method, and most preferably more than 99% by w«ght, (2) to a degree . 
1 0 sufficient to obtun at least 1 5 residues of N-terminal or internal amino acid sequence by use of a spinning cup 
sequcnator, or (3) to homogend^ by SDS-PAGE under reducing or nonreducing conditions using Coomassie 
blue or, preferably, silver stain. 

The term "monoclonal antibody" (mAb) as used haein refers to an antibody obtained from a population 
of substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are identical 
1 5 except for possible nawially occurring mut^ions that may be present in minor amounts. Monockmal anu'bodies 
are highly specific, being directed against a single antigeiuc site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations vrtiich typically inchide difTermt antibodies directed against different 
deteiminams (epitopesO, each mAb is directed against a single detenninant oh the antigen. In addition to their 
specificity, the monoclonat antibodies are advantageous in that they can be synthesized by hybridoma culture, 
20 uncontaminated by other immunoglobulins. Hw modifier "monoclonal" indicates the character of the antibody 
as being obtained from a substantially homogeneous population of anUbodies, and is not to be construed as 
requiring production of die antibody by any particular method. For example, the monoclonal antibodies to be 
used in accordance with the present inventian may be made by the hyinidoma method first described by Kohler 
et al., (1975) Nature. 256:495. or may be made by recomtunam DNA methods (see, eg, U.S. Patent No. 
25 4,816,567 to CabillyetaL). 

Ihe monoclonal antUndies herein include hybrid and recombinant antibodies produced by splicing a 
variMc Qncluding hypervariable) domain of an anybody with a constant domain (e.g. "humanized" antibodies), 
or a light chain with a heavy chain, or a chain from one species with a chain from another species, or fiisions with 
heterologous proteins, regardless of species of origin or immunoglobulin class or subclass designation, (See, e.g., 
30 U.S. Pat. No. 4,816,567 to Cabilly el al. ; Mage and Lamoyi, in Monoclonal Antibody Production Techniaues 
and Applications, pp. 79-97 (Marcel Dekker, Inc., New York, 1987).) 

The monoclonal antibodies herein specifically inchide "chimeric" antibodies (immunoglobulins) in 
whi^ a portion of the heavy and/or lig}it chain is idendcal with or homologous to corresponding sequences in 
antibodies derived from a particular species or belonging to a particular antibody class or subclass, while the 
35 remainder of the chain(s) is identical widi or homologous to corresponding sequences in antibodies derived from 
another species or belonging to another antibody class or subclass, as well as fragments of such antibodies, so 
long as diey contain or are modified to contain at least one CH2 domain (Cabilly et al., supra*. Moirison et al., 
(1984) Proc. Natl. Acad. Sci. U.S.A. 81:6851. 
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"Humanized" foims of non-human (eg., murine) antibodies arc specific chimeric immuttoglobulins, 
immunoglobulin chains or iiagments thereof (such as Pv. Fab. Fab', F(ab')2. or other antigen-binding 
subsequences of antibodies) which contain minimal sequence derived from non-human immunoglobulin. For 
the most part, humanized antibodies arc hmnan immunoglobulins (recipient antibody) in which residues ftoro 
5 a complementary-detennining region (CDR) of the recipient arc replaced by residues from a CDR of a non- 
human species (donor antibody) such as mouse, rat, or rabbit having the desired specificity, affinity, and capacity. 
In some instances, Fv framework residues of the human immunoglobulin are replaced by conesponding non- 
human residues. Furthermore, humanized antibodies can comprise residues which are found n^er in Ihe 
recipient antibody nor in the hnpoited CDR or framework sequences. These modifications arc made to finther 
10 refme and maximize antibody performance. In general, the humanized antUxidy will comprise substantially all 
of at least one, and typically two, variable domains, in which ail or substantially all of the CDR regions 
correspond to those of a non-human immunoglobulin and all or substantially all of the FR regions are those of 
a human immunoglobulin consensus sequence. The humanized antibody optunally also will comprise at least 
a portion of an immunoglobulin constant region (Fc), tj^ical'y of" human immunoglobulin. For further 
15 rf^^taiU Jnnes ^fl/.. Nature 321:522 0986^: Reichmann a fljl.liielms 332^23 (1988); and Piesta, CliniiJfc 
Struct. Biol. 2:593 (1992). 

As used herein, tiie term "unmunoadhesin" designates antibody-like molecules which combine the 
"Knifing domam" of ahetetologous protein (an "adhesin", eg. a receptor, ligand or enzyme) with the effector 
functions of mmumoglobulin constant domains. Structurally, the immunoadhesins comprise a fijsion of the 
20 adhesin amuw acid se9itence with the desired binding specificity which is other than the andgen recognition and 
binding site (artlgen combbing site) of an antibody {i.e. is "heterologous") and an immunoglobulin constant 
domain sequence. The immunoglobulin constant domain sequence in the unmunoadhesin may be obtained from 
any immunoglobulin, such as IgG ,, IgGj. IgGs, or IgG4 subtypes, IgA. IgE, IgD or IgM. Immunoadhesins are 
described in, for example^ U.S.' Patent No. 5,1 16,964. 
25 As used herein the phrase "muldspecific hnmunoadhe^' designates imnnmoadbesins (as hereinabove 

defined) having at least two bindmg specificities (/.«. combining two or more adhesm bbuMng domains). 
Multispedfic mununoadhesins can be assembled as heterodimeis. heterotrfaners or heteroteti^rs, essentially 
as disclosed in WO 89/02922 (published 6 April 1989), ui EP 314,317 (published 3 May 1989). and m U.S. 
Patent No. 5,1 16,964 issued 2 May 1992. Preferred multispecific immunoadhesins are bispecific. Examples 
30 of bispecific immunoadhesins include CD4-IgG/TNFreceptor-IgG and CD4-IgG/L-selectin-IgG. The last 
mentioned molecule combines the lymph node binding function of the lymphocyte homing receptor (LHR, L- 
selectin), and the HIV binding fimction of CD4, and finds potential application m the prevention or treatment 
of HIV infection, related conditions, or as a diagnostic. 

An "antibody-iinmunoadhcsin chimera (Ab/Ia dtimera)" comprises a molecule which combmes at least 
35 one binding domain of an antibody (as herein defmed) with at least one immunoadhesin (as defmed in this 
application). Exemplary Ab/Ia chimeras are the bispecific CD4.1gG chimeras described by Berg et al., sssm 
and Chamow ct al.. sbbB- Immunoadhcsons include CD4 (Capon et al., ( 1 989) Nature 337:525-53 1 ; Traunecker 
et al.. (1989) Nature 339:68-70; and Bym et a!., (1990) Nature 344:667-670); L-selectin or homing receptor 
(Watson et al., (1990) J. Cdl. Biol. 1 103221-2229; and Watson et al.. (1991) Nature 349:164-167); CD44 
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(Aruffb et al., (1990) Cell 61:1303-1313; CD28 and B7 (Linsley ct si.. (1991) J. Exp. Mei 173:721-730); 
CTLA-4 {Lisley etal.. J. Exp. Med. 174:561-569); CD22 (Stamenkovicet al,Cell66;1 133-1 1 44); TNF receptor 
(Ashkenazi et al., (1991) Proc. Natl. Acad. Sci. USA 88:10535-10539; Lesslaaer etal.. (1991) Eur. J. Immunol, 
27:2883-2886; and Peppel et al., (1991) J. Exp. Med. 174: 1483-1489); NP receptore (Bennett et al.. (1991) J. 

5 Biol. Chera. 266:23060-23067; interferon Y receptor (Kurschner ct al., (1992) f. Biol. Chcm. 267:9354-9360; 
4-lBB (Chalupny et at., (1992) PNAS USA 89:10360-10364) and IgE receptor a (Ridgway and Gonnan, (1991) 
J. Cell. Biol. 1 15, Abstract No. 1448). 

Examples of homoiaultimeiic immunoadhesins vriuch have been described for Aerqieutic use include 
the OM-IgGinununoadhcsin to blocking Ihebindiag of HW to celt-su^ Data obtained firom Phase 

1 0 1 clinical trials in which CD4-lgG was administeKd to pregnant women just before delivery suggests that this 
immunoadhesin may be useful in the pievention of maiemal-fetal liansfer of HTV. Ashkenazi (1991) et al., 
Intern. Rev. Immunol. 1021 9-227. An immunoadhesin whidi bhids wroor necrosis factor (TNF) has also been 
developed. TNF is a proinflammatory cytokine which has been shofwn to be a major mediator of septic shock. 
Based on a mouse model of septic shock, a TNF receptor immunoadhesin has shown promise as a candidate for 

15 clinibal use in treating septic shock (Ashkenazi. A. et al. (1991) PNAS USA 88:10535-10339). 

If the two anus of the fatmninoadhesin stnuture have digiatflt speufisides, the immunoadhesin is called 
a "^specific immunoadhe^" by anatogy to bispedfic antibodies. Didsch et al.. (1993) J. Immunol. Mediods 
162:123 descrUie such a bispedfic immunoadhesin combining the exmeeUular domains of die adhesion 
molecules, E-selectin and P-selectin. each of which selectins is expressed in a different cell type in nature. 

20 Binding studies indicated that the bispecific Immunoglobulin fusion protein so fomied had an enhanced ability 
to bind to a myeloid cell line compared to the monospcdfic immunoadhesins firom which it was derived. 

The invention also pertains to immunoconjugates comprising the antibcxiy described herdn enyug^ted 
to a cytotoxic agent such as a chemotfaerapeutic agent, toxin (e.g.. an en^onatically active toxin of bacterial, 
fongal, plant or animal origin, or fragments tfaenof), ora radioactive isotc^ (Le., a radtocoiyugate). 

25 In another embodiment, the antibody may be ooiyugaied to a "recqptoi" (such as streptavidin) for 

utilization in tumor pretaigpting whernn the antibody-receptor conjugate is adroinistned to the patiem, foltowed 
by removal of unbound conjugate fiom the circulation using a clearing agent and then administration of a 
"ligand" (e.g.. avidui) which is conjugated to a cytotoxic agent ie.g.. a radionuclide). 

'Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. Those in 

30 need of treatment include those abtaOy with the disorder as wdl as those prone to have the disorder or those in 
which die disorder is to be prevented. 

TUe terms •treating," "treannent," and "therapy" refer to curative therapy, pnqihylactic flierapy. and 
preventative therapy. 

The teim "inammal" lefeis to any annual classified as a mammal, including humans, cows, horses, dogs 
35 and cats. In a preferred embodiment of the invention, the mammal is a human. 

As used herein, protein, peptide and polypeptide are used mterchangeably to denote an amino acid 
polymer or a set of two or more interacting or bound ammo acid polymers. 

The term "disease state" infers to a physiotogical state of a cell or of a whole mammal in which an 
interruption, cessation, or disorder of celhilar or body functions systems, or organs has occurred. 
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The terms "cancer" and "cancerous" refer to or describe the physiological condition in mammals that 
is typically characterized by unregulated cell growth. Examples of cancer include but are not limited to, 
carcinoma, lymphoma, btastoma, sarcoma, and leukemia. More paiticular examples of such cancers include 
squamous cell cancer, small-cett lung cancer, non-small cell long cancer, gastric cancer, pancreatic cancer, glial 
5 cell tumors such as glioblastoma and neurofibromatosis, cervical cancer, ovarian cancer, liver cancer, bladder 
cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial carcinoma, salivary gland 
carcinoma, kidney cancer, renal cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and 
various types of head and oeck cancer. 

The tem "inflammatoty disorder" refers to a fimdamental pathologic process consisting of a dynamic 

to complex of QFtologic and histologic reactions that occur in the affected blood vessels and adjacent tissues in 
response to an iiuuiy or abnormal stimulation caused by a physical, chemical, or biologic agent, including: 1) 
the local reactions and resulting moipholo^'c changes, 2) the destruction or removal of the injurious material, 
3) the responses that lead to repair and healing. Inflammatoiy disorders treatable by the invention are those 
wherein the inflammation is associated with cytokine-tnduced disorders, such as those associated with interieukin 

1 5 and leukemia inhibitory factor cytokines. Such disorders include abnormalities in thrombopoiesis, macrophage 
growth and differemiation, proliferation of hematopoietic progeoilors, and the tike. 

The term "neurological disordei" refeis to or desciibes the pitysiolt^ical condition in mammals that is 
typically characterized by neive cell growth, difFetoitiation, or cell signaling. Examples of neurotogical 
disorders include, but are not limited to, neurofibromatosis and peripheral neuropathy. 

20 The term "cardiac disorder" refers to or describes the physiological condition in mammals that is 

typically characterized by cardiac cell growth and differentiation. An example of a cardiac disorder includes, 
but is not limited to, cardiac hypertrophy and heart failure, including congestive heart failure, myocardial 
infarction, and tachyrhyOmia.. "Heart failure" refers to an abnormality of cardiac fimction where the heart does 
not pump blood at the rate needed for the requirements of metabolbdng tissues. 

2S Modes for Carrying out the Inventton 

The compositions and preparations of the jmseia invemion arc preferably obtained by ia vitro 
modificatnn of tecombinantly produced glycoproteins. The skilled aidsan will recognize that both the stiuctuK 
of the aeached oligosaccharide and the efficiency of glycosylation of a glycoprotein produced in recombinant 
cell culmre will vary depending upon the method of glycrqnotein production employed. Oligosaccharide 

30 structures attached at particular ^ycosylation sites will generally vary even for monoclonal antibodies. 
Therefore, it is typical to And multiple glycofbnns wHhin a given production or batch for monoclonal as well as 
polyclonal antibodies. 

According to the invention, a compositions is prepared comprising a glycoproteui having an 
immunoglobulin CH2 domain wherein the CH2 domain has at least one N-linked oligosaccharide wherein 
35 substantially all of the oligosaccharide of the CH2 domain is a G-2 oligosaccharide as defmed herein. The 
invention further provides for the preparation of a compositions comprising a glycoprotein having at least one 
immunogtobulin CH2 domain wherein the N>linked oligosaccharides of the CH2 domain are substantially of the 
G2 and G-2 variety. The composition is substantially free of glycoproteins comprising an immunoglobulin CH2 
domain wherein the N-linked oligosaccharide is a G 1 , GO or G-1 oligosaccharide. 
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The present invention provides that a substantially homogenous glycofoim can be obtained and that, 
according to ceitain embodiments, the glycofonn exhibits a fivorable bioactivity compared with the 
heterogenous glycofonn. According to the present invention a substantially homogenous glycofonn of a 
glycoprotein comprising a CH2 domain, such as an antibody, is obtained. Compositions comprising the 
5 glycoprotein glycoform are prepared which are substantially free of undesired glycoforms. Therefore, according 
to one aspect of the present invention, a composition comprising a glycoprotein having a CH2 domain such as, 
for example, an IgGl type antU)ody containing a single site for N-tinked glycosylation in each CH2 domain and 
having a paiticular N-linked oligosaccharide is prepared. In one embodiment the antibody glycofonn is a G2 
glycofoim. In a fiuther embodiment, the antibody is a G-2 glycofomi. A futther aspect of ttie ptesent invention 
10 provides for a composition as descn'bed, being substantially free of Gl , GO and G-1 antibody glycoforms. This 
composition combines the Gl and G-2 antibody glycofbnns of the present invention. 

The glycoproteins, for example antibodies of the present bvention can be produced by well known 
techniques including but not limited to gene expression systems to allow the production of intact glycoproteins 
comprising a CH2 domain in any of a variety of host systems. Botii prokaryotic and eukaiyotic expression 
1 5 systems, for example can be used in the production of the glycoproteins of the present invention however, 
eukaiyotic expression systems are preferred since antibodies produced in prbkaryotic cell systems lack 
carbohydiate. 

Isolating Antibodies 

Techniques for isolating antibodies and preparing immtmoadhesins follow. However, it will be 
20 appreciated that the glycoprotein can be isolated using techniques which are known in the ait. 
fi) AntftgflvpreBaratigii 

Several techniques for the production of antibodies have been described which include the traditional 
hybridoma mediod for making monoclonal antibodies, recombinant techiuques for making antibodies (mcluding 
chimeric antibodies, e.g. bumantzed antibodies), antibody production in tiansgenic animals and the recently 
25 described phage di^lay tecfanokjgy for preparing "falfy human" antibodies. These techniques shall be described 
briefly below. 

Polyckmal antibodies to the antigen of interest generally can be raised in animals by multiple 
subcutaneous (sc) or intraperitoneal (ip) injections of the antigen and an adjuvant. It may be useful to conjugate 
the antigen (or a fragment containing the target amino acid sequence) to a protein tiiat is immunogenic in the 

30 species to be immunized, e.g., keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean 
trypsin inhibitor using a bifiinctional ordertvatizing e^ent, for example maleimidobenzoyi sutfosuccinimide ester 
(conjugation through cysteine residues), N>hydroxysuocinimide (through lysine residues), glutaraldehyde, 
succinic anhydride, SOCIj, or R%=C=>NR, where R and R ^ are different alkyi groups. Animals are immunized 
against the immunogenic conjugates or derivatives by combining I mg of I pg of conjugate (for rabbits or mice, 

35 respectively) with 3 volumes of Freud's complete adjuvant and injecting the solution mtradeimally at multiple 
sites. One month later the animals are boosted widi I/S to I/IO the original amount of conjugate in Freud's 
complete adjuvant by subcutaneous injection at multiple sites. 7 to 14 days later the animals are bled and the 
serum is assayed for antibody titer. Animals are boosted until die ther plateaus. Preferably, Ae animal is boosted 
witii the conjugate of the same amigen, but conjugated to a different protein and/or throu^ a different cross- 
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linking reagent. Coiyugates also can be made in Kcombinant cell culture as protein fusions. Also, aggregating 
agents such as alum are used to enhance the immune response. 

Monoclonal antibodies are obtained from a population of substantially homogeneous antibodies using 
the hybridoma method first described by Kohler & Milstein, (1975) Nature 256:495 or may be made by 
5 recombinant DNA methods (Cabilly el al. , U.S. Patent No. 4,8 16,567). In the hybridoma method, a mouse or 
other appropriate host animal, such as hamster, is immunized as hereinabove described to elicit lymphocytes that 
produce, or are capable of praductqg, antibodies that will specifically bind to the protein used fi>r immuiuzation. 
Altemattvdy, lymphocytes may be immunized in vitro. Lymphocytes then are fiised with myebma cells using 
a suit^le fiiang agent, such as polyethylene glycol, to form a hybridoma cdl (Coding, Monoclonal Antibodies: 

1 0 Principles and Practice. pp.59-I03 [Academic Press, 1986]). The hybridoma cells thus prepared are seeded and 
grown in a suitable culture medium that preferably contains one or more substances that inhibit the growth or 
survival of the unfused. parental myeloma cells. For example, if the parental myeloma cells lack the enzyme 
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas 
typically will include hypoxanthine, aminopterin. and thymidine (HAT medium), which substances prevent the 

1 5 growth of HGPRT-deficiem cells. Frefemd mydoma cells are those that fose efficiently, support stable hi^ 
level expression of antibody by the selected antiiody-producing cells, and are sensitive to a medium such as 
HAT mcdhun. Among these, prefened myeloma cell lines are murine myeloma lines, such as those deiived from 
MOPC-2 1 and MFC- 1 1 mouse tumors available from the Salk Institute Cell I^slribution Center, San Diego, 
California USA, and SP-2 cells available from the American TVpe Culture Collection, Rockville, Maiy land USA. 

20 Human myeloma and mouse-human hetcromyeloma cell lines also have been described for the production of 
human monoclonal antibodies (Kozbor, ( 1 984) J. Immunol, 1 33:300 1 ; and Brodeur ct al., Mpnog.t«na| Antjbcdii 
Production Techn ique ; and A pplications, pp.5 1*63, Marcel Dekker, Inc., New York, 1987). See, also, Boemer 
et al., (1991) J. Immunol., 147(l):86-95 and WO 91/17769, pd>lish6d Nov 28, 1991, for techniques for the 
productioo of human monoclonal antibodies. Culture medium in which hybridoma cells are growing is assayed 
• 2S for production of monoclonal antS>odies directed against the antigen of interest Prefisrably, the binding 
specificity of monoclonal antibodies produced by hybridoma cells is determined by immunoprecipitation or by 
an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked inununoabsoibent assay (ELISA). 
The binding afidnity of the monoclonal antibody can, for example, be determined by the Scatchard analysis of 
Munson & Pollard, (1980) Anal. Biochem. 107:220. After hybridoma cells are identified that produce 

30 antibodies of the desired specificity, affinity, and/or activity, the clones may be subcloned by limiting dilution 
procedures and grown by standard methods. Coding, Monoclonal Antibodies: Principles and Practice. pp.S9- 104 
(Academic Press, 1986X Suitable culture meda for this purpose ntclude, for example, Dulbecco's Modified 
Eagle's Medium or RPMI-1640 mednim. In addition, Oie bybridcma cells may be grown ffl icbta as ascites 
tumors in an animal. The monoclonal antibodies secreted by flie subclones are suitably separated from tiie 

35 culture medium, ascites fluid, or setum by conventional unmiinogtobulin puri&ation procedures such as, for 
example, protein A-Sepharose, hydroxylapatite dmimaiDgTaphy, gel electrophoresis, dialysis, or afSnily 
chromatography. 

Alternatively, it is now possible to produce transgenic animak (e.g. mice) that are captdile, upon 
immunization, of producing a &11 repertoire of human antibodies in the absence of endogenous immunoglobulin 
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production. For example, it has been described that the homcnygous deletion of the antibody heavy diain joining 
re^on (J(]) gene in chimeric and gemi-line mutant mice results in complete inhibition of endogenous antibody 
production. Transfer of the human gemi-line immunoglobulin gene array in such germ-line mutant mice will 
result m the production of human antibodies upon antigen challenge. See, ag., Jakobovits ct al. (1993) Proc. 
5 Natl. Acad. Sci. USA 90:2551-255 and Jakobovits et al.. (1993) Nature 362:255-258. 

In a further embodiment, antibodies or antibody fiagments can be isolated from antibody phage libraiies 
generated using the techniques described in McCafierty et al., (1990) Nature. 34S:532-554 (1990), using the 
antigen of interest to select for a suitable antibody or antibody fiagment. Claekson et aL. (199 1 ) Nature. 352:624- 
628 (1991) and Marks et aL, (1991) J. Mol. Biol.. 22:5SI-597 desoibe the isolation of murine and human 

1 0 antibodies, respectively, using phage liliiaries. Subsequent publications describe the production of high aRinity 
(nM range) human antibodies by chain shuffling (Mark et al., (1992) Bio/Technol. 10:779-783), as well as 
combinatorial infection and in vivo recombination as a strategy for constructing very large phage libraries 
(Waterhouse ct al., (1993) Nuc. Acids Res., 21:2265-2266). Thus, these techniques are viable alternatives to 
traditional monoclonal antibody hybridoma techniques for isolation of "monoclonal" antibodies (especially 

1 5 human anybodies) which are encompassed by the presem invention. 

Methods for humanizing non-human antibodies are well known in the art Geanally. a humanized 
antibody has one or more amino acid residues introdiiced into it fiom a source w^ich Is non-human. These non- 
human ammo acid residues axe often refbred to as "impodt" reudues. wbicfa an typically taken from an "import" . 
variable domain . Humanization can be essentially performed following the meAod of Winter and co-wotkers 

20 (Jones et al.. (1 9S6) Nature 32 1 :522-525;-Riechmann et al.. (1988) Namre 332:323-327; Verfaoeyen et al.. (1986) 
Science 23 9: 1 534- 1 536). by substituting rodent CDRs or '^R sequences for the cotrespondmg sequences of 
a human andbody. Accordingi^. such "humanized" antibodies are chimeric antibodies (CabUly, supra}, wheim 
substantially less than an intact human variable domam has been substituted by the corresponding sequence fiom 
a ncn-human species. In practice, humanized antibodies are typically human antibodies in which some CDR 

25 residues, and posdbly some FR residues, are substituted by residues from analogous sites in rodent antibodies. 
It is important that antibodies be humanized with retention of high afOnity for the antigen and other favorable 
biological properties. To achieve this goal, according to a preferred method, humanized antibodies are prepared 
by a process of analj^is of the parental sequences and various conceptual humanized products using three 
dimensional models of the parental and humanized sequences. Three dimensional immunoglobulin models are 

30 familiar to those skilled in the ait Computer programs are available whidi illustrate and display probable three- 
dimensional confonnational structures of selected cantUdate immunoglobulin sequences. Inspection of these 
displays permits analysis of the likely role of the residues in the fimctionlnig of the candidate immunoglobulin 
sequence, the analysis of residues that influence the ability of the candidate immunogtobulm to bind its 
antigen. In this way, FR resUues can be selected and combined from the consensus and import sequence so that 

21 the desired antibody characteristic, such as increased afTmity for the target amigen(s), is achieved. For further 
details see WO 92/22653, published Dec 23, 1 992. 

Immunoglobulins (Ig) and certain variants thereof are known and many have been prepared in 
recombinant cell cuhure. For the antibodies described above, the use of human lgG| immunoglobulin sequences 
is preferred since this structure comains the CH2 domain of the presem inyemion. For example, see U.S. Patent 
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No. 4.745,055; BP 256,654; Faulkner ct aL. (1982) Nature 298:286 ; EP 120.694; EP 125,023; Morrison, J. 
Immun. 123:793 (1979); KWiter etal.. (1980) Proc Natl. Acad. Sci, USA 77:2197; Raso et al.. (1981) Cancer 
Res. 4 1:2073; Momson et al.. (1984) Ann. Rev, biniiunol. 2:239; Morrison. (1985) Science 229:1202; Morrison 
et al.. (1984) Proc. Natl. Acad. Sci. USA 81:6851; EP 255,694; EP 266.663; and WO 88/03559. 

5 Prefcned antibodies within the scope of the present invention include antt-lL>S (St John et al., (1 993), 

Chest, 103:932 and International PubUcadon No. WO 95Q3865): and-CDl la (Richer et al., Blood, 77:249-256, 
Steppe et al., (199 1 ), Transplant Intl. 4:3-7, md Houimant et at. (1 994), Tnmsplanlation 58:377-380); anti-IgE 
(Presta et al., (1993), J. Imnjunol. 151:2623-2632, and Inteniaiional PubUcation Na WO 95/19181^ anti-HER2 
(Carter et al., (1992), Proc. Natl. Acad. ScL USA, 89:4285-4289, and International Publication No. WO 

10 92C0798); anti-VEGF (Jin Kim et a!., (1992) Growth Factors, 7:53-64, and International Publication No. WO 
96/30046); and anti-OMO (Maloney et al., (1994) Blood, 842457-2466, Liu et aL. (1987) J. Immunol.. 
130:3521-3526). 

fin Immunoadhesin p Tcparation 

Chimeras constructed from an adhesin binding domain sequence linked to an appropriate 
15 inununoglcrfwlin constant domain sequence (inimun0adhesins)aiie known in the ait Immunoadheans reported 
in the liteiatnie include fusions of CD4 (Capon et al.. (1989) Nature 337:525-531; Traunecker et al., (1989) 
Nature 339:68-70; ZetOneissI et aUlOTO) DNA Cell Biol. USA 9:347-353; and Bym et al.,(1990) Nature 
344:667-670); L-selectin (homing receptor) {Walswj ctaL, (1990) J. Cell, Biol. 1 10:2221-2229; and Wason et 
al., ( 1 991 ) Nature 349: 1 64-1 67); CIM4 (Aniffo et al., (1990) Cell 61 :1303- 1 3 13); CD28 and B7 (Linsley et al„ 
20 (1991) J. Exp, Med. 173:721-730); CTLA-4 {Lislcy et al., (1991) J. Exp. Med. 174:561-569); .cb22 
(Stamenkovic etal.. (1991) Cell 66:1 133-1 144); TNF receptor (Ashkenaa etal.,(1991) Proc. Natl. Acad. Sci. 
USA 88:10535-10539; Lesslauer et al., (1991) Eur. J. Immunol. 272883-2886; and Peppd etal., (1991) J. Exp. 
Med. 174:1483-1489); and lgEieceptora(Ridgway and Gonnan,(199I)J.CeU. Biol 115: Abstract No. 1448). 
typically, in such iiisuins the encoded chimeric polypeptide will retain at least fimctionally active hinge, 
25 CH2 and CH3 domains of the constant tegion of an immunoglobulin heavy chain. Fusions are also made to the 
C-terminus of the Fc portion of a constant domain, or immedlatdy N-terminal to the CHI of the heavy chain or 
the corresponding tegion of the li^t chain. The precise site at which the fusion is roa<le is not critical; particular 
sites are well known and may be selected in order to optimize the biological activity, secrttion, or binding 
characteristics of the la, 

30 In a preferred embodiment, the adhesin sequence is fiised to the N-tenninus of the Fc domam of 

immunoglobulin G | (IgG j). It is possible to iiise the entire heavy chain constant region to the adhesin sequence. 
However, more preferably, a sequence beginning in the hinge region just upstream of the papain cleavage site 
which defines IgG Fc diemicalty (/.a residue 2 16, taking the fust residue of heavy chain constant region to be 
1 14X or analogous sites of other famnunogtobulins is used in the fiision. In a particularly preferred embodiment, 

35 the adhesin amino acid sequence is fiised to (n) the hinge region and CH2 and CH3 or (b) the CH 1 , hinge, CH2 
and CH3 domains, of an IgG, heavy chain. The precise site at which the fusion is made is not critical, and the 
optimal site can be determined by routine experimentation. 

Forbtspedfic immunoadheuns, the immunoadhesins are assembled as multimers, and particularly as 
heterodimers or hcterotetFamers. Generally, these assembled immunogk>bulfais mil have known unh structures. 
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A basic four chain stnictural unit is the foum in whicii IgG, IgD, and IgE exist, A four chain unit is repeated in 
the higher molecular weight immunoglobulins; IgM generally exists as a pentamer of four basic units held 
together by disulfide bonds. IgA globulin, and occasionally IgG globulin, may also exist in multimertc form in 
serum. In the case of multimer, each of the four units may be the same or different. 
3 Various exemplary assembled immunoadhesins within the scope herein are schematically diagramed 

betow: 

(a) AC„-[ACh. ACl-ACh. ACl-VhC„. or VlCl-ACh]; 

(b) ACl-ACh-[ACl-ACh. ACl-VhCh. VlCl-ACh. or VlCl-VhCh): 

(c) ACl-VhCh-[ACh. or ACl-VhCh, or VlCl^ChJ; 
10 (d) VlCl-AC„-[ACi^-VhC„. or VlCl-AC„1; and 

(e)IA-Y]„-[VLCL-VHC„]2. 
wherein each A represents identical or difTerent adhesin amino acid sequences; 
Vj^ is an immunoglobulin tight cham variable domain; 
Vh is an immunoglobulin heavy chain variable domain; 
15 is an immunoglobulin light chain constant domain; 

C|| is an immunoglobulin heavy chain constant domun; 
n is an integer greater than 1 ; 

Y designates the residue of a covalent cross-linking agent. 

In the interests of brevity, the foregoing structures only show key feaaires; they do not indicate jo ining 
20 (J) or other domains of the immunoglobulins, nor are disulfide bonds shown. However, where such domains are 
required for binding activity, they shall be consttucted to be present in the ordinary locations which they occupy 
in the immunoglobulin molecules'. 

Altemativefy, the adhesin sequences can be inserted between immunoglobulin heavy chain and light 
chain sequences, such that an immunoglobulin comprisiitg a chimeric heavy cham is obtained. In this 
■ 25 embodiment, the adhesin sequences are fiised to the 3' end ofan immunoglobulin heavy chain in each aim of an 
immunoglobulin, ehher between the hinge and the CH2 domain, or between the CH2 and CH3 domains. Similar 
constructs have been reponed by Hoogenboom,ctal.,{1991)Mol. Inununol. 28:1027-1037); 

Although the presence of an immunoglobulin light chain is not required in the immunoadhesins of the 
present invention, an immunoglobulin light chain might be present ehher covalenfly associated to an adhesin- 
30 immunoglobulin heavy chain fusion polypeptide, or directly fiised to the adhesin. In the fanner case, DNA 
encoding an immunoglobulin light chain is typically coexpressed with the DNA encoding the adhesin- 
unmuooglobulin heavy chain fusion protein. Upon secretion, the hybrid heavy chain and the light chun will be 
covalently associated to provide an immunoglobulin-like structure comprising two disulflde-linked 
immunoglobulin heavy chain-light chain pairs, Methods suitable for the preparation of such structures are. fior 
35 example, disclosed in U.S. Patent No. 4,8 16,567, issued 28 March 1989. 

bnmunoadhesins are most conveniently constnii^ by fiising die cDNA sequence encoding the adhesin 
portion in-fliame to an Ig cDNA sequence. However, fiision to genomic Ig fiagmenis can also be used (see, e.g. 
AnifibetaL. (1990) Cell 6I:1303-1313;andStamenkovicetaL,(1991)Cell 66:1133-1 144). The lattertypeof 
fUsion requires the presence of Ig regulatory sequences for expression. cDNAs encoding IgG heavy-chain 



•17- 



wo 99/22764 



PCT/US98/21925 



constant regions can be isolated based on published sequences from cDNA libraries derived irom spleen or 
peripheral blood lymphocytes, by hybridization or by polymerase chain reaction (PCR) techniques. The cDNAs 
encoding the "adhesin" and the Ig parts of the immunoadhesin are inserted in tandem into a plasmid vector that 
directs efficient expression in the chosen host cells. 
S In a preferred embodiment, the immunoglobulin sequences used in the construction of the glycoproteins 

such as the antibodies and immunoadhestns of the present invention are from an IgG immunoglobulin heavy 
chain CH2 constant domain. For example, the use of human IgG| immuno^obulin sequences is preferred 
because this stracture contains the preferred CH2 domain of the present invention. A major advantage of using 
IgG, is that IgG lean be puiifiedefficieady on immobilized pnitdn A. In contrast, purification of IgG^ requires 

10 protein G. a significantly less versatile medium. However, other structural and functional properties of 
itnmunoglobutins should be considered when chooang the Ig CH2 domain for a particular glycoprotein. For 
example, Ihe lgG3 hinge is longer and more flexible, so it can accommodate larger "adhesin" domains that may 
not fold orfiinction properly when fiised to lgG|. Another consideration may be valency; IgG immunoadhesins 
are bivalent homodimers, whereas Ig subtypes like IgA and IgM may give rise to dimeric or pentameric 

1 5 structures, respectively, of the basic Ig homodimer unit Forantibodies.and immunoadhesins designed for jm vivo 
application, the phaimacokinetic properties and the efTecior Amctions specified by the Fc region are important 
as well. Although IgGj, IgC^ and IgQ^ all have Jq yixQ half-lives of 21 days, their relative potencies at 
activating the complement syoem are different. IgGf does not activate complement, and IgG2 is significantly 
weaker at complement activation than IgG,. Moreover, unlike IgG, , IgC^ does not bind to Fc receptors on 

20 mononuclear cells or neutrophils, this may be due to the differences in CH2 domains utilized in these isotypes. 
White IgGj is optimal for complement activation, its in vivo iialf-life is approximately one third of the other IgG 
Isotj^es. Another important consideration for immunoadhesins designed to be used as human therapeutics is 
the number of allotypic variants of the particular isotype. In general, IgG isotypes with fewer serologically- 
defuied allotypes are preftrred. For exainple, IgG, has only four serotogically-defined allotypic sifesi, two of 

25 which (Gbn and 2) are kxated in the Fc region; and one of these sites, Glml, is lURMmmunogenic. In oontiast, 
there arc 12 serologically-deiiiied allotypes in IgG3, all of which are in the Fc region; only three of these sites. 
(G3m5, II and 21) have one allo^ which is nonimmunogenic. Thus, the potential mimunogeniclty of a y3 
immunoadhesin is greater than that of a y I Immunoadhesin. Preferred among the immunoadhesins are those 
comprising at least the IgG 1 CH2 dom^ as described herein above. 

30 Preparing the Glvconrotein 

DNA encoding the glycoproteins of the invention is readily isolated and sequenced using conventional 
procedures (e.g., by using oligonucleotide probes that are capable of binding specifically to genes encoding the 
heavy and light chains of murine antibodies). The hybridoma cells of the invention serve as a prefeired source 
of such DNA. Once isolated, the DNA may be placed into expression vectors, which are then transfecled into 

35 host cells such as simian COS celts, Chinese hamster ovary (CHO) celts, or myeloma cells that do not odierwise 
produce immunoglobulin protein, to obt^ the synthesis of the glycoprotein, for example monoclonal antibodies, 
in the recombinant host celts. 

Various techniques for making and isotatuig antibody and immunoadhestns and the like directly from 
recombinant cell culture have also been described. In particular, the cells which express the desired glycoprotein 
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should express or be manipulated to express the particular en^mes such that under the appropriate conditioiis, 
the appropriate posi-translational modification occurs ia vivo. The etu;ymes include those aasymcs necessary 
for the addition and completion of N- and O- linked carbohydrates such as those described in Hubbard and Ivan 
sUpr B for N-linked oligosaccharides. The enzymes optionally include oligosaccharyltransferase, alpha- 

S glucosidase I, atpha-glucosidase U, ER alpha(I^)mannostdase, Golgi alpha-mannosidase 1, N- 
acetylygtucosaminyltransferase I, Golgi alpha-mannosidase II, N-acetylyglucosaminyltransferase II, 
alpha(I,6)fucosyltransferase, and p(l,4)galactosyhiansf erase. 

Topically, the cells are capable of expressing and secrcong bige quantities of a p^articular gtycoprotein 
of interest into the eulmre medium. Examples of suitable mammalian host cells within the context of Hie present 

10 invention may include Chinese hamster ovary cells/-DHFR (CHO, Uriaub and Chasin, Proc Natl. Acad. Sci. 
USA, 77:4216 [1980]); dpl2.CH0 cells (EP 307,247 published 15 March 1989); monkey kidney CVl line 
transfonned by S V40 (COS-7, ATCC CRL 1 65 1 ); human embryonic kidney line (293 or 293 cells subcloned 
for growth in suspensiori culnire, Graham et ai, J. Gen ViroL, 36:59 [1977]); baby hamster kidney cells {BHK, 
ATCC CCL 10); mouse Sertoli cells {TM4, Mather, BioL Reprod., 23:243-251 [1980]); monkey kidney cells 

15 (CVl ATCC CCL 70)5 African green monkey kidney cells {VER0-7fi, ATCC CRL-IS87); human cervical 
carcinoma celU (HELA, ATCC CCL 2): canme kidney celts (MDCK, ATCC CCL 34); bufialo rat liver cells 
(BRL 3A, ATCC CRL 1442); human lung cells {WI38, ATCC CCL 75); human liver cells (Hep G2, HB 8065); 
mouse mammary tumor (MMT 060S62, ATCC CCL5t): TRI cells (Mather ef id., Amials N.Y. Acad. Sci., 
383:44-68 [1982]); MRC 5 cells; FS4 cells; and a human hqiatoma line (Hep G2). 

20 Piefened host cells include Chinese hamster ovaiy ceIls/-DHFR (CHO, Uriaub and Chasin, Proc. NatL 

Acad. Sci. USA, 77:4216 [1980]); dpl2.CHO cells (EP 307,247 published 15 March 1989). 

For the culture of the mammalian cells expressing the desired protein and capal)le of adding the desired 
carbohydrates at specific positions, numerous culture condhions can be used paying particular attention to the 
host cell being cuhued. Suiuible culture conditions fbr mammalian cells are well known inthe art (J. bnmunol. 

25 Methods (1983)56:221-234) or can be easily determined by the skilled artisan (see, for example, AtlimaLgcU 
Culture: A ^m^<;t\ Approach 2nd Ed., Rickwood, D. and Hames. B.D., eds. Oxford University Press, New Yoric 
C 1 992)), and vary according to the particular host cell selected. 

The glycoprotein of mterest preferably is recovered from the culture medium as a secreted polypeptide, 
although it also may be recovered fix>m host cell lysates. 

30 As a fust step, the culnire medium or lysate is cennrifiiged to remove paniculate cell debris. The 

polypeptide thereafter is purified fiwn contaminant soluble proteins and polypeptkles, with the following 
procedures being exemplary of suitable purification procedures: by ihictionation on immunoaflinity or ion- 
exchange columns; ethanol precipitation: reverse phase HPLC; chromalogniphy on silica or on a cation-exchange 
resin such as DEAE; chromatofocusing; SOS-PAGE; ammonium sul^ precipitation; gel filtration using, for 

35 example, Sepbadex G-75; and protein A Sepharose columns to remove contaminants such as IgG. A protease 
inhibhor such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit proteolytic degradation 
during purification. One skilled in the art will appreciate that purification methods suitable for the polypeptide 
of interest may require modification to account fbr changes in the character of the polypeptide upon expression 
in recombinant cell culture. 

-19- 



wo 99/22764 



PCT/US98/2I925 



Eqiedally prefemd within the context of the present invnition are purification techniques and processes 
which select for the carbohydrates of the tnventionu 
Preparation of 02 Glvcoforms 

The attachment of a galactose residue to an existing glycan involves the transfer of a galactose moiety 
5 from an activated galactose contMiing compound to the gtycosyl tnoiety of the CH2 domain. The transfer of 
galactose is catalyzed by a galactcsyltransfeFasB enzyme. 

While the skilled artisan will recognize that any of several ait standard procedures can be employed for 
the addition of a sugar to a preexisting oligpsacchajide chain, the invention preferably utilizes those procedures 
that resuk in complete galactosylation of the sample as described herebi. By complete galactosylation of the 
10 »mple is meant that each antennaiy structure of the native bianteimary oligosaccharide temiinates in a galactose 
reuduc. More particularly the reaction k complete if substantially all N-linked oligosaccharides are of the G2 
variety. 

According to the present invention a method for producing the compositions of the invention comprisfaig 
the steps of reacting in an aqueous buflered solution at a temperature of about 2S-40 C; 
IS a) a metal salt at a concentration of about SmM to about 2SniM: 

b) an activated galactose at a concentration of about 5 mM to ^ut SO mM; 

c) a galactosyltransferase at a concenration of about 1 mUnit/ml to about 100 mUnit/ml; and 

d) a substrate glycoprotein; and 
recovering tiie glycoprotein. 

20 As used herein the term galaaose (gal) and galactose residue and the like refer to D and L (+/•) 

galactose. 9refenb\y tite gal is D-(+>galactose which has been reported as a naturally occurring gal in various 
animal species. 

The activated galactose containing compound is generally a uridine d^hospbale (UDP)-galactose. 
Uridine cfiphosphate-galactose and otiier donor sugars, which are capable of transferring galactose to N-linked 
2S oligosaccharides. 

Metal salts include for example. MnC12, BaC12. CaC]2, and others. 

The galactosyl transferase used in accordance with the present invention is preferably a pi-4 transferase 
and catalyzes die transfer of a galactose moiety from tiie activated substrate to tiie glycosyl compound. The 
galactosyltransferase enzymes are substrate specific and are named according to their substrate specificity. The 

30 galactosyltransferase de^gnated beta 1 -4 refeis to a galactosyl transfetase that catalyzes the transfer of galactose 
to tiie hydroxyl group of a glycosyl acceptor compound. Exemplary galactosjdtransferases useful whhm die 
context of the present invention are from human, bovine, mouse, hamster, or, monkey origin. 

Gabctosyltransfeiasesate commercially available (Sigma Chemical Co., SL Louis, Mo.; Boehringer 
Maniihetm, Indianapolis, Ind. and Genzyme, Cambridge MA). Alternatively galactosyl transferases are isolated 

35 and purified from animal tissue such as bovine, (Boeggeman et al., (1993) Prot. Eng. 6(7):779-785;human 
Schweinteck (1994) Gene I45(2):299-303; Kleenect al., (1994) Biochem. Biophys. Res. Commun. 201(1 ): 160- 
167; Chatteijee etal., (1995) Int. J, Biochem Cell. Biol. 27(3):329-336; Hermann et aL, (1995) Protein. Expr. 
Purif. 6(l):72-78). 
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The concentration and amount of the various reactants described above depend upon a number of 
factors including reaction conditions such as tempoature and pH and the amount of glycoprotein to be 
galactosylated. While the present method is thought to be generally applicable to all glycoproteins preferred 
glycoproteins for use in the present method are glycoproteins comprising at least the CH2 domain of 
S immunoglobulins as described above. 

The galactosyllnuisferase is used in a catalytic amount. By catalytic amount is meant an amount of 
galaciosyltransferase at least sufficient to catalyze in a non-rate-limiting manner the conversion of die enzyme's 
substrate to product The catalytic amount of a particular en^me varies accarding to (he anunrnt of a particular 
enzyme substrate as well as reaction conditions such as temperature, time and pH value. Enzyme amounts are 

10 generally expressed in activity units. One unit catalyzes the formation of 1 fimol of product at a given 
temperature (typically 37° C) and pH value (typically 7.5) per minute. Thus 10 units of an enzyme is the 
catalytic amount of that enzyme such that 10 ^mol of substrate are converted to 10 |unoIs of product in one 
minute at a temperature of 37" C and a pH of 6.5 to 7.S. 

The reaction comprises mixing at least die above ingredients in a suitable aqueous environmem to fbrm 

1 S a reaction mixture and maintaining the reactioii mixture under the conditions of temperature, pH, osmoUity, 
ionic composition and ambient temperature for a period of time sufficient to complete the reaction. 

The selection of particular conditions depends primarily upon the amount of glycoprotein present. The 
temperature can range from about 20 C to about 40 C. Preferably the temperature ranges from about 25 to about 
40 C. The pH value can range from about 6.0 to about 1 1 .0 preferably the pH value is from about 6.5 to about 

20 8.5 and more preferably about 7.5. The pH is maintained by the addition of a suitable buffer to the reaction. The 
buffer is devoid of phosphate. EDTA, ECTA and o^er chelators that bind Mg-H- or Mn-H-. The selection of 
buffer is based upon the ability of the buffer to maintain the pH at about the desired pH level. Where the pH 
value is 7.5 the preferred buffers arc sodium caoodylate and MES. 

In an exemplary method, the glycoprotein samples (e.g. C2B8, anti-HER2, anti-VEGF, anti-lgE and 

25 TNFR-lgfi) at 1 0 mg in 0.5 ml, are buffer exchanged into SO mM sodium cacody late buffer, pH 7. 1 (final vol. 
I.O ml). 50 \il each of 100 mM UDP-<jal and 100 mM MnClj are added to the glycoprotein solution. The pi,47 
gaiactosyltransferasc (Pl,4GT; lyophilized powder) is reconstihited in 50 mM sodium cacodylate buffer, pH 7.1, 
at a concentration of 1 mU/ml. 50 /xl of the solution is added to the reaction mixture and incubated at 37**C fbr 
48 hr. The reaction is stopped by cooling the reaction vial on ice (4*^) for 10 min and the galactosylated 

30 antibody is purified on a protein A colunm. 

Prepafftign ftf C-2 GlycQforms 

The removal of a galactose and an N-aeetylgluoosamme residue from an existing glycan can be 
accomplished by methods known to those skilled in the art and involves the use of appropriate enzymes for the 
removal of the particular residue. Removal of galactose residues is accomplished using galactosidases that 
35 recognize the terminal galactose as substrate. Appropriate g^ctosidases are known to those skilled in the art 
and include p-D-galctosidases form Diplococcus pneumoniae, jack bean, bovine testis, anc chicken liver. 

Likewise, removal of tominal N-acetylghicosamine structures can be accomplished using appropriate 
N-acetylglucosaminidases available to the skilled artisan. Appropriate enzymes for the removal of N- 
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acetylglucasamine tenninal residues include N-ace^l p-D-gluoosamindases from Diplococcus pneumoniae, jxdx. 
bean, and bovine testis and chicken liver. 

Whits the skilled artisan wiH recognize that any of several art standard procedures can be employed for 
the tentoval of a sugar fiom a preexistmg oligosaccharfcle diain, the invention preferably utilizes a procedures 
5 that results in complete degalactosylation of the sample as well as complete removal of N-acetylglucosamine. 
By complete degalactosylation of the sample is meant that each antennaiy structure of the native biantennary 
oligosaccharide terminates in an N-aoeiylghicosamine residue following the removal procedure. More 
particiilarly the reaction is complete if subsontially all N-linked oligosaccharides are of the GO vaiie^ folkwing 
treatment Likewise, by complete removal of N-ace^Iglucoseamine is meant that each antennaiy stmctuie of 
1 0 the native biantenneiy oligosacdiaiide tenntnates with a mannose residue following the removal procedure. 
More particularly the reaction is complete if substantially all N-linked oligosaccharides are of the G-2 variety 
folbwing treatment. 

An exemplary procedure empk)ys two appropriate enzymes' in a single step procedure. For example, 
a glycoprotein comprising a CH2 domain such as an antibody (5-10 mg) is buffer-exchanged into 100 mM 

1 5 citrate-phosphate buffer, pH 5.0, using NAP-5 columns (Pharmacia). P-Galactosidase (40 mll/mg protein. 
Dlplococcus pneumoniae, Boehringer Mannheim) and N-acetyl-p-D-glucosaminidase (40 mU/mg protein, 
Diplococcus pneumoniae Boehringer Mannheim orjadc bean enzyme from Sigma) are added to 5- 10 mg aJiquots 
of protein and hicubated at 37*C for 12-24 his. The IgG samples are purified on a Pro^ A column. The 
purified protein is subjected to electrospray ionization mass spectromeuy, capillary electrophoresis for 

20 carbohydrate analysis to confum complete removal of the galactose and N-acetylglucosamine resklues. 
Analysis of the Glvcoprotein 

The complex carbohydrate portion of the glycoprotein produced by the processes of the present 
invention may be readily analyzed to determine that the reaction described above is complete. The 
oligosaccharide are analyzed by conventional techniques of carbohydrate analysis such as those described in the 

25 accompanying Figures and Examples. Thus, for example, techniques such as lectin blotting, welMoiown in die 
art, reveal proportions of terminal mannose or odier sugars such as galactose. 

The carbohydrate structures of the present invention ocnir on the protein expressed as G2 or G-2 N- 
linked oligosaccharides. Several methods are known m tiie art for glycosylation analysis and are useful in the 
context of the present invention. Such methods provide information regarding the identity and the composition 

30 ofthe oligosaccharide attached to the peptide. Methods ibrcatbohydiaie analysis useful in the present invention 
include but are not limited to lectin chromatography; HPAEC-PAD, which uses high pH anion exchange 
chromatography to separate oligosaccharides based on charge; NMR; Mass spectrometry; HPLC; GPC; 
monosaccharide compositional analysis; sequential enzymadc dige^on. 

Additionally, methods for releaang oligosaccihaiides are known. These methods include 1 )enqnnatic, 

35 which is commonly performed uang peptkle-N-glycosidase F/endo-P-gaiactoudase; 2) eUmination using harsh 
alkaline ennnronment to release mainly O-linked structures; and 3) chemical methods using anhydrous hydrazine 
to release bofli N-and O-linked oligosaccharides 
Analysis can be performed using the folkwing steps: 
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1. Dialysis of the sample against deionized water, to remove all buffer salts, followed by 



2. Release of intact oligosaccharide chains with anhydrous hydrazine. 

3. Treatment of the intact oligosaccharide chants with anhydrous methanolic HCl to liberate 

individual monosaccharides as O-mediyl derivative. 

4. N-acetylation of any primary amino groups. 

3. Derivatization to give per-Otrimethylsilyl methyl glycosides. 

6. Separation of these derivative, by capillaiy GLC Cgas -liquid cfaromato^s^ihy) on a CP-SIL8 

column. 

7. Identification of individual gtycoude derivatives by retention time from the GLC and mass 
spectroscopy, compared to known standards. 

8. Quantitation of individual derivatives by FID with an internal standard 
( 1 3-0-methyH>glucose). 

Neutral and aroino-sugars can be determined by high performance anion-exchange chromatography 
combined with pulsed amperometric detection (HPAE-PAD Carbohydrate Siystem, Dionex Coip.). For instance, 
sugars can be released by hydrolyas in 20% (v/v) trifluorpacetic acid at 100 C for 6 h. Hydrolysates are then 
dried by ^pfaiUzation or with a Speed- Vac (Savant Instruments). Residues are then dissolved in 1% sodium 
acetate irihydiate solution and analyzed on a HPLC-AS6 cohtmn as described fay Anumula ei al. (AnaL Biochem. 
195:269-280(1991). 

Sialic acid can be determined separately by the direct colorimelric method of Yao et al. (Anal Biochem. 
179:332-335 (1989)) in triplicate samples. In a preferred embodiment ihe thiobatbaturic acid (TEA) of Warren, 
L. J. Biol Chem 238:(8) (1959) is used. 

Alternatively, immunoblot carbohydrate analysis may be performed. According to this procedure 
protein-bound carbohydrates are detected using a commetciail gtycan detection system (Boehringer) which is 
based on the oxidative immunoblot procedure described by Haselbeck and Hosel [Hasetbeck et at. 
Glycoconjugate J., 7:63 (1990)]. Hie staining protocol recommended by the manu&cturer is followed except 
that the protein is transferred to a polyvuiylidene difhtoride membrane instead of nitrocellulose membrane and 
the blocking buffere contained 5% bovine senim albumin in 10 mM tris buffer, pH 7.4 with 0.9% sodium 
chloride. Detection is made with anti-digoxigenin antibodies linked with an alkaline phosphate conjugate 
(Boehringer), 1; 1000 dilution in tris buffered saline using the jAosphatase substrates, 4-niiroblue tetiazoliura 
chloride. 0.03% (w/v) and 5-bromo4 chloro-3-ind<qfI-phosiAate Om% (w/v) in 100 mM tris buffer, pH 9.5, 
containing 100 mM sodium chloride and 50 mM ma^esium chbride. Hie protein bands containing 
carbohydrue are usually visualized m about 10 to IS min. 

The carbohydrate may also be analyzed Yfy digestioo with peptide-N-gbvosidase F. According to dtis 
procedure the residue is suspended in 14 1 of a buffer contmning 0.18% SDS, 18 mM beta-mereaptoethanol, 90 
mM phosphaie, 3.6 mM EDTA, at pH 8.6, and heated at lOO EC for 3 min. After cooling to room temperature, 
the sample is divided into two equal parts. One aliquot is not treated fisther and serves as a control. The second 
fiaction is adjusted to about 1 % NP-40 detergent followed by 0.2 units of peptide-N-glycosidase F (Boehringer). 
Both samples aie warmed at 37° C for 2 hr and then analyzed by SE)S-polyacryiamide get electrophoresis. 
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Preferred methods of analysis include those descr&ed for the analysis of antibody associated 
oligosaccharides and descr&ed in, for example Worald et al.. (1997) Biochem. 36:1370-1380; Sheeley et al. 
(1997) Anal. Biochem. 247: 102-110 and Cant et al.. (1994) Cytotcchnology 15:223-228 as well as the 
references cited therein. 

5 The recovered glycoproteins are purified according lo known techniques employed in antibody 

preparations as described herein. The recovered purified antibodies are analyzed K) confinn primacy and 
secondary structure as described herein and in the Figures and Examples. Techniques for the analysis of intact 
glycoproteins are known in the art (Cant et al., (1994) Cytotechnology 1S223>228; Iwase et a]., (1996) J. 
BiodiBm. 120:393-397; Sheeley et al, (1997) Analytical Biodiemistiy, 247: 102-1 10). TVpically tiie stractural 

1 0 analysis is followed by fimctional analysis. As will be appreciated by tiie skilled artisan the constant domains 
are not involved directly b binding an antibody to an antigen, but exhibit various effector functions, such as 
participation of the antibody in antibody-dependent cellular toxicity and complement mediated cell lysts. The 
binding site on IgG for Clq, the fu:st component of the complement cascade has been localized to the CH2 
domains. Therefore standard analysis such as assays for complement dependent cytotoxicity such as those 

IS described for anti CD-20 antibodies are appropriate (Gazzano-Santoro et al., (1997) J. Immunol. Methods 
202:163-171). Assays for antigen-mediated aggregation of IgGl, 1gG2 and lgG3 initiates complement 
activation, binding of IgG to the high affinity Fc receptors on monocytes which can stimulate those cells to 
eliminate the antigen to which tiie Ig is bound are appropriate for analyzing the fimctional activity of the 
recovered glycoprotein as well. 

20 Therapeutic Compositions and Methods 

Use of the glycoproteins of the present invention as therapeutic compositions is an embodiment of the 
invention. The uses generally disclosed herein are provided as guidance for the use of the preparations in 
general. The monoclonal antibody C2BS (anti-CD20) is provided as an example of a monoclonal antibody 
developed for cancer treatment as noted above. 

25 Tlierapeutic fbrmulations of aa antibody are prepared for storage by mixing the antibody having the 

desired d^ree of puriQ' with optional physiologically acceptable carriers, excipients, orstabilizeis (Remington's 
Pharmaceutical Sciences, 16th Edition, OsoL, A., Ed., (19S0)), in the form of lyophilized cdce or aqueous 
solutions. Pharmaceutically acceptable cairiers. excipients, or st^ilizcrs are non-toxic to recipients at the 
dosages and concentrations employed, and include buffers such as phosphate, citrate, and other organic acids; 

30 antioxidants including ascorbic acid; low molecular weight (lea than about 10 residues) polypeptides; proteins, 

> such as serxon albumin, gelatin, or immunoglobulins; iiydrophilic polymers such as polyvinyl|:^yin)lidone; amino 
acids such as glycine, glutamine, asparagine, arginine or lysine; monosaodiariiles; (Saccharides, and other 
carbohydrates including glucose, mannosc, ordexirins; chelating aseaSs such as EDTA; sugar alcohols such as 
mannitol or sorbitol; salt-forming counterions such as sodhtm; and/or nonionic sur&ctants such as Tween™, 

35 Piuronics™, or polyethylene glycol (PEG). 

A antibody to be used for ia vivo administration must be sterile. This is readily accomplished by 
filtration through sterile filtration membranes, prior to or following iyophilization and reconstitution. The 
fbimulation ordinarily will be stored in lyophilized form or in solution. 
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Therapeutic antibody compositions generally are placed into e container having a sterile access port, 
for example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle. 

The route of administration is in accord with known methods, e.g., injection or in&ston by intravenous, 
intraperitoneal, intracerebral, intramuscular, intraocular, intraarterial, or intralesional routes, or by sustained- 
5 release systems as noted below. The antibody is administered continuously by infiision or by bolus injection. 

A cancer patient to be treated with an antibody as an antagonist as disclosed herein may also receive 
radiation therapy. Alternatively, or in addition, a chemothetapeutic agent m^ be admmistered to the patient. 
Preparation and dosing schedules for such chemotherapeutic agents may be used according to manuiacturersi' 
instnictions or as detemiined empirically by the skilled practitioner. FrcpaiBtion and dosing schedules for such 

1 0 cheroothetapy ate also desaibed in Chemodieiapy Service Ed., M.C. Perry, Williams & Wilkins, Baltimore, MD 
( 1992). The chemothenveutic agent may precede; or follow administration of the antagonist or may be given 
simultaneously theiewith. For cancer indications, it may be desirable to also administer antibodies against tumor 
assoc iated antigens or against angiogenic factors, such as antibodies which bind to HER2 or vascular endothelial 
factor (VEGF). Alternatively, or in addition, one or more cytokines may be co-administered to the patient. 

1 S An effective amount of antibody to be employed tiierapeutically will depend, fbr example; upon the 

therapeutic objectives, the route of administration, and the condition of the patient Accordingly, it will be 
necessary for the therapist to titer the dosage and modify the route of administration as required to obtaui the 
maximum therapeutic effect A typical ddss^ might range fnxn about 1 |ig/kg to up to 1 00 mg/kg of patient 
body weight, preferably about 10 jig/kg to 10 mg/kg. Typically, the clinician will administer antagonist until 

20 a dosage is reached that achieves the desired effect for treatment of the above mentioned disorders. For C2BS 
reference is made to International Publication No. WO 94/1 1026 and iEP B 669836, the disclosures of vyhich arc 
specifically incorporated herein by reference. 

Routes of administration for the individual or combined therapeutic compositions of the present 
invention include standard routes, such as. for example, intravenous infiision or bolus injection. 
- 2S The invention further provides an article of manu&ciure and Idt containing materials useftil for the 

treatment of cancer, for example. The article of ihanufachire compiises a container with a label. Suitable 
containers include, for example; bottles, vials, and test tubes. The containers may be formed from a variety of 
materials such as glass or plastic. The cont»ner holds a composition comprising the glycoprotein preparations 
described herein. The active agent in the composition is the particular glycoprotein such as C2B8. The label 

30 on the container indicates that the composition is used for die treatment or prevention of a particular disease or 
disorder, and may also indicate directions for ja ms, such as those described above. 

The kit of the invention comprises the container described above and a second container comprising 
a buffer. It may further include other matciiats deswable fiom a commetcial aiul user standpoint, inchiding other 
buffers, diluents, filters, needles, syringes, and package inserts with instructions for use. 

33 The following examples are ofTered by way of illustration and not by way of liniitation. The disclosures 

of al) citations in the specification are expressly incorporated herein by reference. 
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EXAMPLES 
EXAMPLEI 

Introduction 

Substantially homogenous glycoprotein pieparations are prepared with reference to the following 

5 Examples 
iVtethods 

The diimeric monoclonal anti-CD20 antUxxly (1DEC-C2B8) was produced and purified as described 
previously {Liu et aL, (1987) J. hnmunol. 139:3521; Maloney et al., (1994) Blood 84:2457). Other IgG 
molecules such as anti.HER2 {aati-P185"^ Carter et al., (1992) Proc. natL Acad. Sci. USA 89:4285), anti- 

10 VEGF{Kira et aL, (1992) Growth Factors 7:53-64). anti-IgE (Piesta et al.. (1993) J. Immunol. 151:2623) and 
TNFR-lgG (tumornecrosis fector teceptor-lgG; Ashtenazi etaL, (1991) Proc. Natl. Acad. Sci. USA 88:10535) 
were produced by recombinant DNA tcdmiqucs and expressed in CHO cells. |JI,4-galactosyItransferases from 
human and bovine sources were from Boehringer Mannheim (Indianapolis, IM) and Sigma Chemical Co. (St. 
Louis, Mo) respectively. UDP-Cal was obtained from Boehringer Mannheim (Indianapolis, IN). Penicillin. 

1 5 streptomycin, glutamine, HEPES, lyophilized labUt serum and himian serum used as the source of complement 
were purchased from GIBCO-BRL (Grand Island. NY). Fetal bovine serum was purchased from Hyclone 
Laboratories (Logan, UT). Bovine serum albumin (BSA) and Trypan blue were purchased fixmi Sigma Chemical 
Co. (St Louis, Mo). Alamar bhie reagent was from Accam«d Iniemational (Wesdake. OH). NAP-5 and Protein 
A-Sepharose columns were purchased from Pharmacia (Sweden). Sodium cyanoborohydride in tetrafaydroAiran 

20 was from A Idrich Chemical CO. 
1DEC-C2B8 

1DEC-C2B8 was foimulated at 10 mgtal m 25 mM sodium citrate, 150 tnM sodhim chloride, and 0.07 
mg^mL Polysorbate 80 at pH 6.5. 

EXAMPLE II 

25 Enzyme digestion procedure: IgG samples (5-10 mg) were buffer^exchanged into 100 mM citrate-phosphate 
buffer, pH 5.0, using NAP^S columns (Phannaci^. {^-Galactosidase (40 mU/mg protein, Diplococcus. 
pneumoniae, Boehringer Mannheim) and N-acetyl-P-D-glucosaminidase (40 mUAng protein, Diplococcus 
pneumoniae, Boehringer Mannheim or jack bean enzyme from Sigma) were added to 5-10 mg aliquots of protein 
and incubated at 37'C for 12-24 hrs. The IgG samples were purified on a Protein A column. The purified 

30 protein was subjected to electrospray ionization mass spectrometry, capillary electtophoresis for carbohydrate 
analysis. The bioactivity was examined by CDC bioassay, binding assay and Clq binding studies. 

Figure I A, Figure IB and Figure IC depict oligosaccharide analysis of an anti-CD20 monoclonal 
antibody C2B8 by capillary elecbvphoresis with laser^induce'd fhiorescence detection, hi Figure lA C2B8 
produced in 400L batcfa-fed cutnire produced at least three glycofbtms of C2B8. Figure IB depicts the same 

35 C2B8 preparation treated with galactosidase. Figure IC depicts die preparation treated with bodi p-galactosidase 
and N-acetytglucosaminosidase A smgle G-2 glycofoim preparation was obtained. 

EXAMPLE 111 

Clq binding was assessed using the method of Reff et al., (1994) Blood 83:435-45. Briefly, 50^1 of 
wil2 cells were mixed with various amounts of C2B8 to which various amounts of Clq were added. The cells 
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were washed with baffer several times and the amount of CI q bound was measured using florescently labeled 
anti-Clq antibody. 

Figure 2 depict the binding of C2B8 to Clq. Both G2 and G-2 pre{>an.tions bound Clq to a greater 
extent than control samples exhibiting heterogeneous glycofonns. 
5 Complement d ependent cytotoxicity: The CDC bioassay of C2B8 samples was perfomed using RHBP 

(RPMl-1640 supplemented with 0.1% BSA, 20 mM HEPES (pH 7.2-7.4X 100 lU/ml penicillin and 100 fig/ml 
Streptomycin. For the assay, SO of 1 0^ cells/ml cell suspension, 50 jiil of various concentrations of C2B8 and 
SO ml of a 1/5 rabbit complement or human complement dilution were added to fla^bot(omed 96-well tissue 
culture plates and incubated for 2 b at 37^^ and 5% CO2 to fitcilitate complement-mediated cell lysis. Fifty 

1 0 microlitets of Alamar Uue (undihited, proprietaty fomiulatiaD of Accumed Intonational} was then added and 
the incubation contiitued for another 5 h. The plates were allowed to coot to room temperanire for 10 min on 
a shaker and the fluorescence was read using a 96-wetl fluorometer with excitation at S30 nm and emission at 
S90 nm. Results are expressed in relative fluorescence units (RFU). RFU were plotted against C2B8 
concentrations using a 4-parBmeter curve-fitting program (IcaleidaGraph) and the sample concentrations were 

15 computed from the standard curve. All C2B8 concentrations shown throughout this report refer to final 
concentrations in the wells before the addition of Alamar blue (Gazzano-Santoro (1997) J. Immunol. Meth. 
202:163-171). 

Figure 3 depicts the bioactivity of the G2 and G-2 glyooform preparation compared with the 

heterogenous composition for C2B8 in a rabbit complement lysis assay. 
20 Example IV 

GALACTOSYLATION WITH GALACTOSVLTRANSFERASE: 

The antibody samples (IDEC-C2B8, anti-HER2, anti-VEGF, anti-IgE and TNFR-lgG), 10 mg in 0.5 

ml, were buffer exchanged into 50 mM sodium cacodylate buffer. pH 7.1 (final vol. 1.0 ml). 50 jwl each of 100 

mM UDP-Oal and 100 mM MiQCl2 were added to the antibotty sduiicn. The |}I/t>galactasyItransflaase (bl,4GT; 
25 lyophilized powder) was reconstituted in SO mM sodhun caeo4ylate buffer pH 7. 1 at a.conctntration of 1 mU/ml. 

50 A^l of this solution was added to the reaction mixture and indented at 37''C for 48 hr. The reaction was 

stopped by cooling the reacdon vial on ice (4*^^ fior 10 min. The galactosytated antibody was purified on 

protein A column. 

Example V ' 

30 PURIFICATION OF GALACTOSYLATED ANTIBODY ON PROTEIN-A COLUMN: 

The reaction mixture containing galactosylated antibody was applied to a Protein A-Sepharose column 
(5 ml). The column was washed with at least 5 column volumes of phosphate buffered salme (pH 7.0) and the 
bound antibody was eluted with 100 mM citric acid, pH 3.0, which was immediately adjusted to pH 6.5 by 
adding 500 mM Tris-HCI buffer pH 8.0. 

35 Analysis af thcTf-linkcd itltgiHaccbBritlei 

Release and Labdlng of N-llnkcd oligosaccharides 

Protein samples (500-1 000 Mg) were buffer exchanged into 20 mM sodium phosphate buffer containing 
50 mM EDTA and 0.02% (w/v) sodium azide. pH 7.5, using NAP-5 columns (Pharmacia), Five to ten units of 
recombinant peptide-N-glycosidase F (OxftHd Gtycosystems/Boehiinger Mamiheim) was added to the samples 
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and ina*atcd for 15 hours at 37*C. The deglycosylated protein vras precipitated by heating at 95'C for 
5 minuies and lemoved by centrifiigation at 10,000 g for 10 minutes. The supennatant containing the released 
oligosacdiaiides was dried in a centrifiigal vacuum evaporator and labeled by the addition of 1 5 of 1 .9 mM 
solution of 9-aminopyrene-l,4,6-trisulfonate (APTS, Beckmann) in 15% acetic acid and 5 a^L of 1 M sodium 
5 cyanoborobydride in tetrahydro&ran. The labeling leaction was carried out for 2 hours at SS'C diluted in water 
(0.5 ml) and analyzed by capiUaiy electrophoresis (CE). 

Example VI 

Capillary Electrophoresis Analysis 

CE analysis of the labeled oligosaccharides was performed on a P/ACE 5000 CE siystcm (Beckman) 

10 with the polarity teveised, using a coated capiUaiy of 50 nun internal diameter and 20 cm efftctive length (eC AP, 
N-CHO coated capillary, Beckmann). The samples were introduced by pressure injection at 0.5 pa. for 8 
seconds and electrophoresis was carried out at a constant voltage of 740 V/cm. The temperature of the capillary 
was maintained at 20''C. The separations were monitored on-column with a Beckmann laser-induced 
fluorescence detection system using a 3 mW argon-ion laser with an excitation wavelength of 488 nm and 

IS emission bandpass filter at 520 X 10 nm. 
Results 

Figure 4A and Figure 48 depict oligosaccharide analysis of an anti-CD20 monoclonal antibody C2B8 
by capillary electrophoresis with laser-induced fluorescence detection. Ln Figure 4A.C2B8 produced in 400L 
batdi-fed culture produced at least three glycofoims of C2B8. Figure 48 depicts the same C288 preparation 
20 treated with PMgalaclDsylliansferase according the present invention. A single G2 glyeoform preparatioa was 
obtained. 

Figure 5 depicts analysis of an anti-VEGF monoclonal antibody by capillary electrophoresis. In Figure 

5 anti-VEGF produced in CHO cell culture produced at least three glycoforms forming a heterogenous 
composition. The same anti-VEGF treated with. P-l-4 galactosylttansfcrasfc according the present invention 

25 produced a single G2 glycofonti. 

Figure 6 depicts analysis of an anti-IgE monoclonal antibody by capillary electrophoresis. In Figure 

6 anti-lgE produced in CHO cell culture produced at least three glyoofotms fonning a heterogenous 
oligosacdiaride population. The same anti-lgE CHO cell composition treated witii p- 1 -4 galactosyltransferase 
according the present mvention produced a smgle 02 glyooform. 

30 Figure 7 depicts analysis of an anti-HER2 monoclMial antibody by capillary electrophoresis. In Figure 

7 anti-HER2 produced in CHO cell culture produced at least three glycoforms forming a heterogenous 
oligosaccharide population. The same anti-HER2 CHO composition treated with P-l-4 galactosyltransferase 
acoon^ the present invention produced a single G2 glycofotm. 

Example V 

3 5 SODIUM DODECYLSULFATE FOLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-PAG E) 

Protein samples were diluted to 1.0 mshnL into phosphate-buffered saline (PBS). The samples were 
diluted to 02 mg^mL for the silver stained gels and to 0.5 mgAnL for the immunoblots into sample buffer and 
heated for 3 minutes at 90°C. For reduced samples, the sample buffer contained 80 mM DTT. Samples ( 1 0 ^iL) 
were loaded onto Integrated Separation Systems (ISS) MiniPlus Sepragels, with a 4-20% acrytamide gradient. 
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Electrophoresis was pcrfbnned using the ISS Mini 2 gel apparalus at 30 mA per gel for 60 minutes. Novex 
MarkI2 molecular weight standards were used in the silver stained gels whereas Ameishmi Rainbow molecular 
weight standards were used in the gels prepared for immunoblotting. 
Silver Stain 

5 SDS PAGE gels were incubated overaigiit in a fixing solution (40% ethanol, 1 0% aceuc acid), washed 

in water and incubated in incubation solution (30% ethanol, 25% glutaraldehyde, 0.5 M sodium acetate, 10 mM 
sodium thiosulfate). Hie gels were washed again and incubated for 40 minutes in silver nitrate solution (6 mM 
silver nitrate, 0.01% fonnaldehyde), washed and developed whh two changes of developing solution (03 M 
sodium caibonate, 0.01% fonnaldehyde). The reaction was stopped by incubating for 10 tnin in stop solution 

10 (40 mM EDTA) and then washed before scanning. 

Figure 8 depicts a npreseniative SDS polyacrylamide gel analysis of an anti-CD20 monoclonal antibody 
under non-reducing conditions. Lane 1 is molecular weight standards. Lane 2 is the G2 glycofonn of C2B8; 
Lane 3 is the C2B8 preparation treated with galactosidase to remove galactose residues from the 
oligosaccharides; Lane 4 is the CHO derived C2B8 preparation treated with PNGase-F for the removal of intact 

1 5 oligosaccharide; Lane 5 is the C2B8 antibody from CHO production; Lane 6 is the CHO derived C2B8 after 
incubation at 37 C for 24 hours; lane 7 U the CHO derived C2B8 and BSA. The representative gel shows that 
ihe integrity of the C2B8 molecule remains intact after treatment with the galactosyltransferase. The G2 
glycofcnn does not disrupt the primary structure of the antibody. 

Figure 9 depicts the same material described above analyzed by polyaciylamide gel etectrophoresis 

20 under reducing conditions. The C2B8 heavy and light chains remam intact. 

Example VI 

ELECTROTRANSFER AND IMMUNOSTAlNING 

After SDS-PAGE, the protein was eiectrotransferred to niuoceliulose (0.2 m, Scleicher and Schuell) 
in a NovaBlot Semi-Diy electnwansfer apparatus in transfer buffer (39 mM glycine, 48 mM TRIS. 0.04% SDS, 

25 20% methanol) for 90 mmutes at 10 V. After elecuotnuisfer, the nitrocellulose sheets were blocked in gelatin 
buffer (50 mM TWS, 150 mM NaCl. 4.3 mM EDTA, 0.05% Triton X-lOO, and 0.25% fish gelatin). The 
immunoblots vrere probed with an affinity pwified goat anriJiuman IgG (Jackson Laboratories) or goat anti- 
CHOP (IDEC Pharmaceuticals). Following incubation with the primary antisera the nitrocellulose sheets were 
washed with gelatin buffer and then incubated for 90 minutes with a rabbit anti-goat IgG-HRP (Jackson- 

30 Imtnunoresearch). The immunoblots were washed with gelatin buffer and then PBS/Tween 20. The 
immunoblots were stained with the substrate solution; 3,3'-diaminobenzidine tetrahydrochloride dihydrate 
(DAB), 0.5 mg/mL, nickel ammonium sulfate, 0.3 mg/mL; cobalt chlwide. 0.3 mg/mL in PBS with H2O2. 

Example VII 
CIRCULAR DICHROISM SPECTROSCOPY 

35 The circular (Uchroic (CD) spectra of GT treated and untreated C2B8 was obtabed on an AVIV 60DS 

speetropolarimeter. Each sample was dialyzed against 25 mM sodium citrate and 1 50 mM sodium chloride and 
then pipetted into 3 O.Ol-cm thermosiatted circular cuvrttc. Each spectrum was the sum of 5 scans from 200 to 
250 nm. The spectra were obtained at 20»C. TTie protein concentration was determined usmg a A**' = 1 .7 cm' 
' at 280 nm. The mean residue wei^t ellipticity was calculated from 
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[QlMRw=Qobs*(MRwyioci 

where Qo|„ is the elliptieity of the sampk, MRW is the mean reudue weight of the IDEC-C2B8 (108.8); c is the 
sample concentration in mgAnL, and! is the pad) length of the edl in cm. The eontem of the secondaiy stiuctural 
elements, a-helix. p-sheet, and non<ordered stnictuie was calculated using the program CONTIN (Provencer and 
5 Glockner (1981) Biocfaem. 20:33-37; Provencer (1982) Comput Phys. Commun. 27:229-242). 

Figure lOA and Figure lOB depict far and near UV CD spectra of C2B8 antibody from CHO culture 
and the G2 glyeofonn. As can be concluded fiom this analysis the G2 glycofoim examined by circular dichroism 
as an indication of secondaiy stnicture (Provencer and Glockner (1981). Biochem. 20:33-37) is the same as the 
heterogenous C2B& composition. 

10 Example VIll 

CULTURE OF W1L2-S CELLS: 

The human B-Iymphoblastoid cell line W1L2-S was obtained from the American Type Culture 
Co lleetion (ATCC, Rockville, MD). The cells were grown in RPMI- 1 640 medium supplemented with 1 0% heat- 
inactivated (S6^C. 30 min) fetal bovine serum. 2 mM glutamine and 20 mM HEPES, pH 72. Celts were cultured 

IS at 37°C in a humidified SMCOj incubator. 

COMPLEMENT-DEPENDENT CYTOTOXICITY BIOASSAY: 

The CDC bioassay of C2B8 samples was performed using RHBP CRFMI-1640 supplemented with 0.1% 
BSA, 20 mM HEPES (pH 7J2-7,4). 100 lU/ml penicUlm and 100 ^g/inl strqMomycin. For the assay. SO ^1 of 
10* cells/ml cell suspension, 50^1 of various concentrations of C2B8 and 50 ml of a 1/5 rabbit complement or 

20 human complement dilution were added to flat-bottomed 96-welJ tissue culture plates and incubated for 2 h at 
31^C and 5% COj to facilitaie complement-mediated cell lysis. Fifty microliters of Alamar blue (undiluted, 
proprietary formulation of Accumed International) was then added and the incubation continued for another 5 
h. The plates were allowed to cool to room temperature for 10 mtn on a shaker and the fluorescence was read 
using a 96-well ftuorometer with excitation at 530 nm and emission at 590 mm. Results are expressed in relative 

25 fluoieseenee units (RFU). RFU were plotted against C2B8 concentrations using a 4-paTameter curve-fitting 
program (kaleidaGraph) and the sample concentrations were computed fro the standard curve. All C2BS 
coneentiations shown throughout this report refer to final concentrations in the wells before the addition of 
Alamar blue (Gazzano-Santoro (1997) J. Immunol. Meth. 202:163-171). 

Figure 1 1 depicts the bioactivity of the G2 glycoform preparation compared with the heterogenous 

30 composition for C2B8 in a rabbit complement lysis assay. 

. Figure 12 depicts the correlation of bioactivity and galactose content in the G2 glyeofomi. The G2 
glyeofonn preparation was at least 1.S times man active in this assay than 
that produced under typical cell culture conditions. 
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WHAT IS CLAIMED IS: 

1 . A composition comprismg glycoprotein wheron at least one glycoprotein is a glycoproteb 
having at least one CH2 domain and the compoution is substantially free of the ^yccprotein having at least one 
CH2 domain and having an N-linked Gl. GO. or G-1 oKgosaccharide in its CH2 domain. 

2. The composition of claim 1 comprising an antibody glycoprotein. 

3. The composition of claim 2 wherein the antibody glycoprotein is a monoclonal antibody- 

4. The composition of daim 3 wherein the monoclonal antibody is an IgG. 

5. The composition ofdaim 4 wherein the IgG is human IgG]. 

6. The composition of claim 5 wherein the monoclonal antibody is selected from the group 
consisting of an anti-CmO specific monoclonal antibodly, an anti-HER2 specific monodonal antibody, and anti- 
VEGF specific monoclonal antibody, and an anti-lgE specific monoclonal antibody. 

7. The composition of claim 6 wherein the monoclonal antibody is an anti-CD20 antibody. 

8. The composition of claim 1 comprising an immunoadhesin glycoprotein. 

9. The composition of claim 8 wherein the immunoadhesin glycoproteb is a tumor necrosis 
facto^immunoglobulinGl chimera. 

10. The composition of claim I wherein the composition is fiiither substantially free of a 
glycc^ein having an N-linked 02 digosaccharide in the CH2 domain. 

11. Hie composition of claun ID comprismg an antibody glycoprotein. 

12. The oompoution of claim 1 1 wherein the antibody ^ycopiratetn is a monoclonal antibody. 

13. Ilie compaction of claim 12 wherein the antibody is an Igq. 

14. The composition of daun 13 wherein the IgG is human IgGj. 

15. The composition of claim 14 wherein the monoclonal antibody is selected ftom the group 
consisting of an anti-CD20 ^ecifSc monoclonal antibody, an anti-HER2 specific monodopal antibody, and anti- 
VEGF ^ectfic monoclonal antibody, and an anti-lgE specific monoclonal antibody. 

16. The composition of claim 1 5 wherein die monoclonal antibody is an anti-CD20 antibody. 

17. The composition of claim 10 wherein the glycoproiein is an immunoadhesin. 

18. The composition of claim 17 wherein the immunoadhesin is a tumor necrosis faciop- 
immunoglobulin G 1 chimera. 

1 9. The composition of claim 1 0 wherein the glycoprotein is an antibody-immunoadhcsin chimera. 

20. The composition of claim I wherein the composition is fiuther substantially free of the 
glycoprotein having an N-linked G-2 oligosaccharide in the CH2 domain. 

21. A method of produdng the compoution of claim 20 comprising the steps of reacting in an 
aqueous buffeted solution at a temperature of about 25-40* C; 

a) a metal salt at a concennation of about 5 mM to about 25 mM; 

b) an activated galactose at a concentration of about 5 mM to about SO mM; 

c) a galactosyltrans&rase at a concentration of about 1 mlintt/inl to about 100 mllnit/ml; 

d) a substrate glycoprotein; and recovering the glycoprotein. 
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22. The method of claim 2 1 wherein the metal salt is selected from the group consisting of 
Mn2++, Ca2++, and Ba2++. 

23. The method of claim 22 wherein the activated galactose is uridine diphosphate-galactose 
CUDP-galactCKc). 

24. The method of claim 23 wherein the galactosyl transferase is a mammalian iJl-4, galactosyl 
transferase. 

25. The method of claim 24 wherein the reaction temperature is about 37° C, the metal salt is 
Mn2-H- at a concentration of about 5 mM, the UDP-galadose concentration is about 5mM and the p M 
galactosyl transferase concentration is about I mUnii/ml. 

26. The method of claim 2S wherem the glycoprotein is an antibody. 

27. Ilie method cfclahn 26 whetein the antibody is aoIgG. 

28. Hie method of claim 27 wfaeietn the IgG is human IgG | . 

29. The method of chum 2S whoein die monoclonal antibody is selected from the group consisting 
of an anti-CD20 specific monoclonal antibody, an anti-HER2 specific monoclonal antibody, and anti-VEGF 
specific monoclonal antibody, and an anti-IgE specific monoclonal antibody. 

30. The method of claim 29 whereuithe glycoprotein is an mimunoadhesia. 

3 1 . A method for the treatment of a disease state conqirising admmistering to a mammal m need thereof 
a therapeutically effective dose of the composition of dum I. 

32. A method fortfae tteatmait of a disease state comprisuig administenng to a mammal in need thereof 
a therapeutically effective dose of Oie composidon of clann 10. 

33. • A method for the treatment of a disease state comprising admmistering to a mammal in need thereof 
a therapeutically effective dose of the composition of claim 6. 

34. A method for the treatment of a disease state compiising administering to a mammal in need thereof 
a therapeutically effective dose of the composition of clmm 16, 

35. A pharmaceutical composition comprising the composition of chum t and a pharmaceuticatly 
acceptable earner. 

36. A phannaceutical composition comprising die composition of claim 10 and a phaimaceutically 



37. A pharmaceutical ctHnposition comprisuig the composition of chum 6 and a phaimaceutically 
30 acceptable carrier. 

3S. A phannaceutical composition comprising the composition of claim 16 and a pharmaceutically 
acceptable carrier. 

39. A pharmaceutical composition comprismg the composition of claim 7 and a phaimaceutically 
ible carrier. 

40. A pharmaceutica) composition comprising the compo«don of claim 17 and a phaimaceutically 
iblc earner. 

41 . An article of manufacture, 
a contaber; 
a label on said 
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the composition of claim I contained within said container. 
42. An article of manufocture, comprising: 



a label on said container, and 

the composition of claim 1 0 contained witliin said container. 

43. The article of claim 41 wherein.tfae label on the container indicates tiiat the composition a 
be used for the treatment of cancer. 

44. the article of claim 42 wherein the label on the container indicates that the composition a 
be used for the treatment of cancer. 



wo 99/22764 



PCT/US98ai925 



1 /12 



Before enzyme treatment. 
4 









GKalpha 1.6 branch) 




( GKalpha 1,3 branch) 









Time (min) 



FIG. 1A 



After treatment with B-galactosidase. 



G 







FIG. IB 



7 7 8 8 

Time (min) 



After treatment with fi-galactosidase and N-acetyt B-D-gluoosaminidase.. 




FIG. 1C 



SUBSTITUTE SHEET (RULE 26) 



wo 99/22764 



2/12 



PCTAJS98«192S 




SUBSTtTUTE SHEET (RULE 26} 



wo 99/22764 



3/12 



PCTAJS98/21925 



200 



100- 



50- 



No GO G2 G-2 

FIG. 3 



SUBSimJTE SHEET (RULE 26) 



wo 99/22764 



4/12 



FIG. 4A 



100 



£ SO- 
OT 



C2B8 CONTROL 




GO 




Gl 






A 




C2B8 AFTER 




GALACTOSYLTRANSFERASE TREATMENT 




G2 

1 





6.0 6.5 7.0 7.5 aO 8.5 9.0 9.5 10.0 10.5 
MINUTES 

FIG. 4B 



SUBSTITUTE SHEET (RULE 2fi} 



wo 99/22764 



5/12 



PCT/OS98«192S 



100- 



m UNTREATED 
□ GalT TREATED 



80- 



60- 



40- 



20- 



\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

.1 



GO 



Gl 61 

FIG. 5 



62 



I20r 



100 



cc 80- 



C3 UNTREATED 
□ Ga!T TREATED 



60- 



5« 40- 



20- 



\ 
\ 
\ 

\ 
\ 

\ 
\ 



60 



Gl G! 

FIG. 6 



62 



SUBSTITUTE SHEET (RULE 26) 



PCTrtJS98ai925 

6/12 



120 



too 

CO 

1 80 
8 60 
gS 40 



20 



- S BEFORE TREATMENT 
E3 AFTER TREATMENT 



I 



GO 



i 



<3i 

FIG. 7 



G2 



SUBSTITUTE SHEET (RULE 26) 



wo 99/22764 



7/12 



PCT/US98amS 




FIG. 8 



suBsnruTH sheet (rule 2e) 



wo 99/22764 



8/12 



vcr/vsamim 




FIG. 9 



SUBSTTTUTE SHEET (RULE 26) 




SUBSTTrUTE SHEET (RULE 26) 



wo 99/22764 



10 / 12 



PCT/US98/21925 




SUBSnrUTE sheet (rule 26) 



wo 99/22764 



n/12 



PCT/US9»2192S 




SUBSTITUTE SHEET (RULE 26) 



wo 99/22764 



12/12 



PCT/US98ai925 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



PCT/US 98/21925 





C12P21/00 




According to Inlemational Patent Classilicalion (IPC) or to h 






B. FfELDS SEARCHED 


Minimum documentalion seaidiBd (classilicalion system lolowsd by dusiBcBlion symbols) 

IPC 6 C07K 


Documenialian seiirched oiher than minnuin) dscumenUiio 


n 10 tlw maa IH that such documenta are in 


duded in Ihe Tislds seaichad 



Elednjnic data bB» consulted during the inlernoiiona) search (nsn» ol data bas* and. where practical, saareh tsnnB uaad) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



KLAMA K ET AL: "The abnormalities In the 

glycosylation of IgG" 

REUHATOLOGIA, 

vol. 34, no. 1, 1996, pages 26-30, 
XP002081302 

see page 26, line 1 - page 27, last line 

LIFELY H R (REPRINT) ET AL: ' 
"Glycosylation and biological-activity of 
CAHPATH-IH expressed in different 
cell -lines and grown under different 
culture conditions" 

GLYCOBIOLOGY, (DEC 1995) VOL. 5, NO. 8, 
PP. 813-822. ISSN: 0959-6658., XP002096118 
see introduction and discussion • 



1-5, 

10-14,20 



1-5, 

10-14,20 



m 



FurthBrdocumsniasrsSslsdinthe a 



□ 



1* doniman) dslining tlw genaral Slate ol the «n which ts not 



ch niay Ihrow doubM on priotity claMa) or 

which is cued to ssiBtillsti the puuicaiwn dale of amxhsr 
or olher special raasoit (as speciEsd) 



r- leterdocumentpubHshedanerUie tntemalional filing date 
or priority dale and not In oonWel whh the appb'cation but 
dMdto laiderstand the prirxHple or theory underlying the 

C docuRienlot particular Klevance: Ihe tiaimed invention 
cannalbeoanaidaredniwelDrcannoll " " ' 
hvofve an inventive BtB| 

f document ot particular re 



later than the priority date claimed 



nions^sucheo 
document member at the u 



the actual complalion ot the 

10 March 1999 



Dale of maiing ol the Mmalionaf eearth npoit 

0 7.0^99 



Huller-Thomalla, K 



page 1 of 3 



4 



INTERNATIONAL SEARCH REPORT 


hnarr- i»l AppI 


tullon No 




PCT/US 98/21925 


C.{ContlnuiUon) D0CUMEN1S CONSIOEttEDTO BE RELEVANT 


Calegory • 


Citalion ol doeumeol. with incfcalion.whTOi approprwa. ol tha niavinl paauges 


^riavanl lo dato No. 


X 


WRIGHT A ET AL: "Effect of altered CH2 


1-5, 




-associated carbohydrate structure on the 


10-14,20 




functional properties and in vivo fate of 






chimeric mouse-human immunoglobulin Gl." 






JOURNAL or EXPERIMENTAL MEDICINE, (1994 






SEP 1) 180 (3) 1087-96. JOURNAL CODE: I2V. 






ISSN: 0022-1007., XP000676306 






United States 




Y 


see abstract; page 1087, column 1, line 1 


1-44 




to page 1088, column 2, second paragraph; 






discussion 




X 


— 

BOYD P N ET AL: "The effect of the 


1-5. 




removal of sialic acid, galactose and 


10-14,20 




total carbohydrate on the functional 






activity of CAMPATH-IH" 






MOLECULAR IMMUNOLOGY, 






vol. 32, no. 17/18, 1995, pages 1311-1318, 






XP000676340 






cited in the application 




Y 


see abstract and discussion 


1-44 


Y 


— 

UHANA P ET AL: "A mathematical model of N 


1-44 




— linked glycoform biosynthesis" 






BIOTECHNOLOGY AND BI0ENGINEERIN6, (20 SEP 






1997) VOL, 55. NO. 6. PP. 890-908. 






PUBLISHER: OOHN WILEY & SONS INC, 605 






THIRD AVE, NEW YORK. NY 10158-0012. ISSN: 






0006-3592., XP002d96119 






see abstract, introduction, figures 1 and 






2; discussion 

— 




A 


DWEK R A ET AL: "Glycobl Ology: 'the 






function of sugar In the IgG molecule'." 






JOURNAL OF ANATOMY, (1995 OCT) 187 < PT 2) 






279-92. JOURNAL CODE: HBB. ISSN: 






0021-8782., XP002096120 






ENGLAND: United Kingdom 






see abstract, introduction; page 282, 






column 1, last paragraph to page 284, 






column 1, first paragraph; 

— 




A 


WEITZHANDLER M ET AL: "Analysis of 






carbohydrates on IgG preparations." 






JOURNAL OF PHARMACEUTICAL SCIENCES, (1994 






DEC) 83 (12) 1670-5. JOURNAL CODE: J07. 






ISSN: 0022-3549., XP002096121 






United States 






cited in the application 






see the whole document 






-/- 





Foim PCTilSAftlO l«iniiiii«iiiBOl»KondrtiMil PuV 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 


\rUn jul AppnoOlon No 

PCT/US 98/21925 




C.(Conllnua1 ion) DOCUMENTS COMSCERED TO BE RELEVANT 


4 


Caiegoiy • 


Cilalion ol documenl. wlh indicMion.wba* •ppro|H(alB. Bl lha lalevam (Msaaga* 


RalavanltedahiNo. 


A 
A 
A 

X,P 


OEFFERSIS ET AL.: "Glycosylation of 
antibody molecules: Structural and 
functional significance." 
CHEMICAL IMMUNOLOGY, 

vol. 65, 1997, pages 111-128, XP0020961Z2 
cited in the application 
see the whole document 

WRIGHT ETAL.: "Effect of glycosylation 
on antibody funtion: implications for 
genetic engineering." 
TIBTECH, 

vol. 15. 1997, pages 26-32. XP004016809 
cited In the application 
. see the whole document 

WORMALD ET AL.: "Variations in 
oligosacchari de-Protein interactions in 
immunoglobulin G determine the 
site-specific glycosylation profiles and 
modulate the dynamic motion of the Fc 
oligosaccharides." 
BIOCHEMISTRY, 

vol. 36, 1997, pages 1370-1380, 
XP002096123 

cited in the application 
see the whole document 

RAJU ET AL: "Biological significance and 
structural features of immunoglobulin 
glycoforms" 

BOOK OF ABSTRACTS. ACS NATIONAL MEETING, 
29 April 1998, page COMPLETE 1 XP002081304 
see abstract 


1.2,35 



Ttm PCTASJUtiO (anbiiiiUon ol wouut ihol) gidy IW) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 


intemotionai appiioation No. 

PCT/US 98/21925 


Box i Observations where certain claims were found unsearchable (Continuation of Item 1 of first slwat} 


This InlemaSonal Search Report has not been eslaUlBhed in lespeel of certain daimt undar ^ 


kifide t7(2)(a) for the followng reasons: 


* ' ^ ^Mwe ^ relata to wbiaot matter not rsquiisd to be searched by this Authority, n 


amely: 


2 Pn aaimeiMos' claim 1 (partially) 

■ ' — ' bwsaiise Ih^y relate lo parts of the Intemaeonal Application that do not comply with U 
an extent that no meaningful Internatianal Search can be carried out, apaciliBafly: 


ie preseribed requiremsnta to sucti 


see FURTHER INFORMATION sheet PCT/ISA/210 




^ bmMeOi^ are dependant clainw and are not drafted in aceordaneetiftth the sera 


Id andthard sentences of FUile 6.4(a]. 


Box il Observatio ns where unity of Invention is lacking (Continuation of it«n 


2 of first shsot) 


This International Searching Authority found muKpie inventions in Uits tntsmalionBl apptcaiio 




1. r~J As all lequMaddabnal search Ina were tiffwly paid by the apfdioant, this Internati 


enal Search Fteport coven all 


2. r] Aa an searohable daims eould searohed without effort jusfiiyitg an adiMonal lee, this Authority did not invite payment 
olanyadditionatfse. 


3. 1 1 As only some of the required oddMonalsearBh fees were tirnely paid by the appScant, this IntemationdS^ 
1 — 1 eotf ere oriytheseolaimafcirMihiehfees wrere paid. spedfoaOy oiaims Mos.: 


4. 1 1 No required addifionai search leoB were timely paid by the applicant Oonsoquently 
— restricted to the invenlbn firet mentioned In the olaima; it is covered by oiaims Nos.: 


this Internationa) Soaroh Fteport is 


Remark on Protest TlieadcfitionalsoarSh fees wen 


1 accompanied by the appGcanfa protest 


j 1 Mo protest accompanied ttie pi 


ymeni of additional search lees. 



Forni PCT>ISA/21 0 Ccontinuation cf first sheet (1 » (July 1 990) 



(nlamational AppJioalloo No. PCT/US 98/21925 



FURTHER mPORMATION CONTINUED PROM PCT/ISA/ 210 



Claims Nos.: claim 1 (partially) 



The subject-matter of claim 1 which is defined mainly in terms of 
negative functional features is formulated in such an unclear manner that 
said claim could only be searched partially. In accordance with the 
definition of the invention given in the description , the subject-matter 
of claim 1 as searched has been interpreted as relating to a glycoprotein 
composition whereby at least one glycoprotein is a glycoprotein having at 
least one CH2 domain of the heavy chain iirmunoglobulin constant region, 
whereby said CH2 domain is substantially free of N-1 inked Gl, 66 ir G-1 
oligosaccharide. 



